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Peptic Ulcer: The Importance of Films in Diagnosis’ 


FREDERIC E. TEMPLETON, M.D. 
Seattle, Wash. 


T IS THE PURPOSE of this report to em- 
I phasize the important role played by 
roentgenologic films in identifying gastro- 
intestinal lesions, particularly gastric and 
duodenal ulcer. A high percentage of 
physicians share the opinion that the diag- 
nosis of gastro-intestinal disease is based 
largely on fluoroscopic findings and that 
films, unless interpreted in the light of 
such findings, are usually meaningless. 
Fluoroscopy, by the simplicity of the 
apparatus and procedure and by its high 
diagnostic accuracy in proper hands, has 
discouraged interest in the potentialities of 
films. Emphasis on finding early lesions, 
particularly cancer, and on the potential 
dangers of excessive exposure to radiation 
is directing investigators to re-explore the 
possibility of using more films and less 
fluoroscopy. 

The present situation is comparable to 
that of diseases of the chest and is stimu- 
lated by recent technical developments in 
the study of those diseases. Most lesions of 
the lungs are seen at fluoroscopy, but a 
certain percentage escape observation 
even by the experienced examiner. With 


routine use of films, even of the miniature 
variety, the number of pulmonary lesions 
overlooked has decreased. A similar situ- 
ation holds for the gastro-intestinal tract, 


except for the use of miniature films, whose 
potentialities are now being explored. 
Most lesions can be seen at fluoroscopy, 
since most of them are large—in the order 
of a centimeter in diameter or more. 
It is in the smaller ones that films give the 
greatest aid. But even so, one is amazed 
at the apparent large size of certain lesions 
that escape detection under the fluoro- 
scope. While this embarrassing situation 
is infrequent, it occurs often enough to 
cause one to speculate on the cause. 
Overwork and fatigue with the accompany- 
ing divided attention, failure to follow a 
set routine, and a combination of certain 
physical and physiologic phenomena, pre- 
venting clear images, are responsible for 
failures. Films play a valuable role in 
examination of the heavy patient in whom 
the fluoroscopic image is dim and will con- 
tinue to play this role until amplification 
of the fluoroscopic image is a reality. 
The gastro-intestinal tract is a pliable 
organ, capable of self motion. The con- 
tours are varied by contractions of the 
muscles and by extraneous influences, such 
as pressure on the abdominal wall. Since 
the appearance of the stomach and the 
duodenum varies from moment to moment, 
fluoroscopy is invaluable in studying the 
constantly changing pattern and to dif- 





9 ' From the Department of Radiology, University of Washington School of Medicine. Presented as part of a 
ymposium on Peptic Ulcer at the Thirty-fourth Annual Meeting of the Radiological Society of North America, 
San Francisco, Calif., Dec. 5-10, 1948. 
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ferentiate the normal from the abnormal. 
Witness, for example, the rigidity of the 
walls with the obliteration of peristalsis 
produced by neoplasm. However, with a 
few exceptions, somewhere in the cycle 
of motion or under the influence of pressure 
or with certain positions, there appear one 
or two anatomic patterns which impart the 
story. In most instances, these significant 
patterns, whether they be normal or ab- 
normal, can be recorded on films, giving 
to these real diagnostic significance. If 
this statement is accepted, it follows that 
the primary purpose of fluoroscopy is to 
control the exposure of the roentgeno- 
grams. 

If films are to play more important roles 
than they now do in most gastro-intestinal 
roentgen examinations, the diagnostic 
criteria must be based almost entirely on 
anatomic-pathologic changes. Anatomic- 
physiologic changes, such as those pro- 
duced by peristalsis, tonus, and _ local 


contractions, while extremely helpful in 


some instances, can be recorded only by 
taking a series of several films with the 
patient’s position unchanged or by ob- 
serving the changing image under the 
fluoroscope. As helpful as peristalsis and 
tonus are in determining stiffening or 
pliability of the walls, certain limitations 
exist. Peristaltic waves either fail to 
appear when desired, are too shallow to be 
of much aid, or do not affect the zones of 
interest. The cardiac end of the stomach 
is an example of the latter. 

With few exceptions, lesions which inter- 
fere with peristalsis produce anatomic ab- 
normalities that can be detected by ade 
quate technic. Some lesions, such as 
carcinoma, which are thought to produce 
their earliest signs by peristaltic paralysis, 
do not always doso. The abnormal! varia 
tions in contours of the lumen or mucosal 
pattern produced by most ulcers must be 
demonstrated if one is to arrive at an un 
qualified diagnosis of ulcerous disease, even 
though peristaltic activity is altered. 
Proof that certain changes in physiology, 
such as “‘hyperperistalsis,”’ “‘irritability,”’ 
“delayed emptying,’ and ‘‘retention,”’ are 
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sufficient signs on which to base a diagno- 
sis of ulcer is lacking. These signs are 
significant only if they are accompanied by 
demonstrable pathologic-anatomic changes, 
It is feasible and time-saving to locate 
lesions by observing the changes these 
abnormalities produce on the walls, seen 
in profile, and in the mucosal pattern, 
The identifying criteria for ulcers and their 
differentiation from spurious patterns have 
been described (1-4). There are, of 
course, findings of which one cannot be 
certain. Such situations are true of any 
diagnostic procedure, no matter how great 
the accuracy claimed for it. Supplemen- 
tary examinations are essential for further 
evaluation. A detailed study of the physi- 
ologic variations often proves most help- 
ful in these instances. 

Representative films of various sections 
of the gastro-intestinal tract can be ob- 
tained with the filming-fluoroscope or 
“spot”’ machine. Best results are obtained 
by skilled operators who take routine 
exposures of various sections of the stom- 
ach and bulb during the course of the 
examination. By this method, lesions 
not seen at the fluoroscopic examination are 
detected. Those who record only abnor- 
mal shadows seen at fluoroscopy cannot 
realize the number of lesions overlooked, 
since the indications for surgical procedure, 
and even gastroscopic examination, are 
often dependent upon the results of a 
roentgen study. 

Films, particularly spot films, are a most 
reliable medium for judging the quality of 
a fluoroscopic examination. ‘Those who 
become expert in recording the significant 
images on spot films also perform credit- 
able fluoroscopic examinations. Those 
who experience trouble in mastering the 
technic of using the filming-fluoroscope 
sometimes criticize the machine rather 
than themselves. This is a common hu- 
man tendency. There is, I am sure, 4 
direct relationship between the quality of 
the fluoroscopic examination and the qual- 
ity of the films recorded. 

The value of films in diagnosis and re- 
search cannot be overestimated. By re 
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cording images in their nearly true form, 
by studying these permanent records at 
leisure, and by comparing the results with 
pathologic specimens, one becomes more 
and more proficient, not only in interpret- 
ing the films but also in observing signifi- 
cant changes at fluoroscopy. Permanent 
records are valuable to compare pathologic 
data and in following peptic ulcers during 
treatment, where one wishes to estimate 
the efficiency of medical management. 
Estimates as to the size of a crater from 
the fluoroscopic image do not always agree 
with the measurements on the films. 
Furthermore, the crater as it becomes 
smaller and smaller is lost at fluoroscopy 
before it is lost on the roentgenogram. 

In closing, the following points are em- 
phasized. Both fluoroscopy and films are 
essential parts of a good gastro-intestinal 
examination. Films properly made reveal 
enough data to allow a diagnosis in most 
instances, but such films cannot be ob- 
tained without fluoroscopic control. Signifi- 
cant images overlooked at fluoroscopic 
examination can be recorded on films; 
therefore routine films should be made 
of the various sections of the tract during 
the examination. It is obvious that ob- 
jective evidence of a lesion is much more 
reassuring than subjective, not only to the 
radiologist but also the clinician who refers 
the patient. If the radiologist depends 
entirely or almost entirely upon fluoros- 
copy, the clinician is forced to view his 
patient through the eyes of the fluoros- 
copist and is denied the privilege of having 
objective data from which he can draw his 
own conclusions. 




































Para un buen examen gastrointestinal, 
resultan indispensables tanto la roentgenos- 
copia como las radiografias, y en particular 
las radiografias tomadas en el transcurso de 
la roentgenoscopia. Sin embargo, hay que 
hacer mayor hincapié en el papel desem 
pefiado por las filtimas, sobre todo en el 
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The confidence the clinician has in his 
radiologist is undermined by each lesion 
the latter fails to find. By reviewing the 
films which record the progress of the 
examination, both clinician and radiologist 
may find that the lesion occurred in a 
manner not possible to demonstrate with 
the technics in vogue. The clinician thus 
becomes more understanding of radiologic 
problems. Unfortunately, most errors can 
be traced to a break in routine, a fault 
which is much more evident from a review 
of films than of fluoroscopic notes. 

To obtain representative films requires 
considerable skill and experience on the 
part of the radiologist, and deficiencies 
in technic are more obvious in one who 
uses the spot machine than in one whose 
sole reliance is on the fluoroscope. To 
keep up with expanding health programs, 
more thought will have to be given to the 
technic of examining the gastro-intestinal 
tract than it has received in the past, from 
the standpoint of increased accuracy and 
decreased radiation hazards to both the 
patient and the examiner. 
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diagnéstico de la tilcera gastrica y duo 
denal. Las radiografias debidamente ob 
tenidas revelan suficientes datos para 
permitir el diagnéstico en la mayor parte de 
los casos, pero no pueden obtenerse sin 
comprobaci6én roentgenoscépica. Una al 
teracién importante que se pasa por alto en 













la roentgenoscopia puede ser registrada en 
la radiografia, por cuya razon deben to- 
marse durante el examen radiografias 
corrientes de varios sectores del aparato 
gastrointestinal. Esos registros perma- 
nentes permiten estudio mas detenido, com- 
paracién con los hallazgos patolégicos y 
mejor apreciacién de los efectos del trata- 
miento, facilitando ademas datos objetivos 
para el clinico que, de otro modo, sdélo 
podria contemplar a su enfermo por los 
ojos del roentgenoscopista. 
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La obtencién de radiografias adecuadas 
exige destreza y experiencia de parte del 
radidlogo, pues las deficiencias técnicas 
resaltan mas en ellas que en el examen 
roentgenoscépico solo. A fin de man- 
tenerse en ritmo con la expansi6n de las 
obras sanitarias, hay que prestar mayor 
consideraci6n a la técnica del examen 
radiolégico del aparato digestivo, desde el 
punto de vista tanto del aumento de la 
exactitud como de la disminucién de los 
riesgos de la irradiaci6n. 
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Place of Fluoroscopy in the Diagnosis of Peptic Ulcer’ 


MILO HARRIS, M.D. 
Spokane, Wash. 


uSSELL D. CARMAN, who, if not the 

father of roentgenoscopy in this coun- 
try, is certainly the first active protagonist 
(Brown), stated in 1920, and iterated in 
the earlier edition of his book and papers: 
“I believe that the advantages of the 
screen in examination of the digestive tract 
can hardly be too strongly emphasized. 
Only by its use can exact information be 
obtained as to mobility and flexibility, the 
phenomena of peristalsis and antiperistal- 
sis, the nature and permanence of irregular- 
ities of contour and effects of palpation, 
respiratory movement and varying posi- 
tions. All changescan be seen at every in- 
stant, in the order of their succession, at 
any desired angle, and in these respects a 
few minutes of screening is equivalent to 
hundreds of plates.’ Plates were used 
mainly to record findings and only second- 
arily to check them. This tradition has 
been carried on and amplified, and the 
technic has been improved, by Carman’s 
associates and successors, Drs. A. B. 
Moore, B. R. Kirklin, John D. Camp, and 
H. M. Weber. 

It is comparatively recently that filming 
fluoroscopes or fluoroscopes with spot-film 
devices have been made available by the 
manufacturers of x-ray apparatus in this 
country (Templeton). Along with their 
availability, there has developed an inti- 
mation of controversy in x-ray diagnostic 
circles relative to the evaluation of the 
different methods of examination of the 
gastro-intestinal tract. Those who use the 


films taken during fluoroscopy as the main 
factor in diagnosis belittle those who de 
pend primarily on the fluoroscopic obser 
vations and on films secondarily, and claim 
that the former method results in better 
detail and more accurate diagnosis. 

It is my thesis that fluoroscopy and the 


few films necessary to record the findings 
are capable of extremely accurate and 
confirmable results when used by certain 
radiologists, 7.e., those trained by long 
experience and capable of substituting for 
the sharply focused macular vision used 
with intense light, the low intensity (reti- 
nal) rod vision necessary for viewing the 
screen image. This facility is an art 
requiring sharp visual acuity, mental 
alertness, and co-ordination far beyond 
that needed for mere observation of the 
varying densities of a photographic emul- 
sion. It is not for those incapable of 
seeing the wealth of detail that can be 
revealed by the fluoroscopic screen and 
the proper manipulation of the patient and 
the shutters. 

The fluoroscope itself should be as an 
old friend: well known, with few eccen- 
tricities. The manipulation should be an 
unconscious co-ordination of eyes, hands, 
and controls, such as only the familiarity 
of constant use can confer. The screen 
and tube carriage should float, move with 
little effort, and stay put when stationary. 
The shutter controls should obey the 
slightest motion of the hand—something 
lacking in the Belden cable control used in 
most of the present left-handed tilting 
fluoroscopes. Certainly, many of the Eu- 
ropean and late model American filming 
fluoroscopes, with their clumsy, cumber- 
some screen carriages, littered with levers, 
cassette holders, shifters, buttons, and now 
a photocell, with a tiny screen, are not 
conducive to relaxed subconscious manipu 
lation. With all the mental and physical 
effort necessary in the manipulation of 
such apparatus, fluoroscopy becomes very 
casual, as the fluoroscopist must be busy 
taking films. 

There is no question but that films 
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should be taken of the organs under exam- 
ination. There is also no question but 
that the filming fluoroscope is capable of 
taking these at the time of seeing the parts 
on the screen much more readily than 
taking them in a routine position. The 
question of dependence on the films thus 
made as a method of recording the fluoro- 
scopic findings or as a major method of 
diagnosis is one for the individual exami- 
ner. Certainly there are radiologists who, 
because of an inherent inability to see well 
in the dark, should not depend on the 
fluoroscope in diagnosis, but should use it 
more or less for positioning, depending on 
the films produced for the final conclusion. 
All roentgenologists should test their visual 
acuity by methods advocated by Chamber- 
lain and others. 

It might be well to mention mechanical, 
psychological, and other factors which 
should be considered in making an ade- 
quate fluoroscopic examination. These 
are, in brief outline, the teachings of my 
preceptor, Dr. B. R. Kirklin, as I remem- 
ber and apply them. In his paper before 
the Radiological Society of North America 
(1935), the technic of the examination is 
outlined in his lucid and striking manner. 

In addition to the gross mechanical 
attributes of a “‘good’’ fluoroscope men- 
tioned above, the type of tube and screen 
must be considered. A fine focal spot is 
essential. In spite of some who say other- 
wise, one can tell the difference in screen 
detail between a 1.5 mm. focal spot and a 
3.0 mm. spot, this at the usual 12 to 14 
inch distance of the tube from the table. 
At a distance of 20 inches or more, as 
advocated by Chamberlain, this difference 
would not be so evident. The screen 
should be as fast as possible without ob- 
vious graininess, producing good illumina- 
tion, but with good contrast character- 
istics. Such a screen is the new Patterson 


type B-2. 

The contrast medium to be used is im- 
portant only in that it should be fluid 
enough to flow easily, and at the same time 
be sufficiently dense to obscure on the 
screen all bone and soft tissue detail, even 
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in fairly thin layers. Flavored suspend- 
ing agents usually produce too thick a 
mixture, and are still ineffective in dis. 
guising the taste of the barium sulfate. 
A drop of peppermint oil to a glass results 
in fewer objections to the mixture (Gar- 
land). 

An important factor in fluoroscopy is 
the attitude of the patient under examina- 
tion. For practically all, it isa new expe- 
rience and nearly all are apprehensive, to 
say the least. Here the attitude of the 
personnel in the department is important. 
They should be cheerful, handle the 
patient as little as possible, and work 
toward putting him at ease. Most of the 
patients do not know how to relax, and 
must be told (Carman) to bend the head 
forward, allow the shoulders to relax, with 
the arms at the sides, and to let the abdo- 
men sag. This procedure allows the stom- 
ach in all but those of the most hyper- 
sthenic habitus to come down below the 
costal margin, where all of it, except the 
fundus, can be palpated. 

The question of dark adaptation before 
fluoroscopic examinations cannot be too 
greatly stressed. Chamberlain in his classic 
review of fluoroscopes and fluoroscopy in 
the Carman Lecture of 1941 has com- 
piled data of great value. He outlines 
the scientific basis for prolonged dark 
adaptation before attempting fluoroscopy. 
Certainly, no one expecting to do adequate 
work will take less than thirty minutes 
to adapt his eyes, if he has been in bright 
sunlight, allowing for proportionally short- 
er times when adapting from a room with 
artificial illumination. The use of red 
goggles permits one to undertake such 
other duties as dictating letters, etc., 
even to driving a car. It must be under- 
stood that they do not shorten the time 
of dark adaption. Actually they should 
be supplemented by three to five minutes 
in a dark room to adapt the retinal cones 
to dim illumination. 

After observation of the screen image, 
palpation is the next most important part 
of the examination. The co-ordination 
of the eye and the hand is most essential 
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and comes only with training and experi- 
ence. It is quite obvious that only gross 
abnormalities are to be felt with the hand 
encased in a heavy lead glove. I do not 
hesitate to recommend the removal of that 
clove for direct palpation under fluoro- 
scopic vision, provided the screen opening 
is kept small, the hand kept behind the 
barium shadow, and above all not placed 
in the direct beam. This advice is good, 
also, for those who depend on gloves for 
protection of the hand, for the 0.5 mm. 
lead equivalent in lead rubber does not 
give adequate protection in the direct beam 
of 80 to 90 kv. x-rays. One must remem- 
ber that the black image of the glove seen 
on the screen is produced by two layers of 
the material, while the fingers are pro- 
tected by only one. 

The third most important factor in 
fluoroscopy is the proper use of the shut- 
ters. The screen opening should be as 
small as will give the maximum contrast 
between the barium-filled organ and the 
surrounding tissues. A set aperture can- 
not be used, for the illuminated portions 
of the screen should not exceed the shadow 
of the organ more than a centimeter or 
two. This requires constant adjustment 
of the shutters. A small shutter opening 
also affords considerable protection to the 
patient and to the examiner. 

During the examination of the stomach, 
the first step should be the ingestion of a 
small amount of barium sulfate suspension, 
which should be manipulated to delineate 
the rugal folds of the entire stomach. 
Attention should be given to even slight 
variation from the normal configuration 
and it should be evaluated. The direct 
visualization of an ulcer crater is usually 
possible, if one is present. However, if 
there is a spastic incisura, shortening of 
the lesser curvature, or spasm of the gastric 
antrum without visualization of a crater, 
its presence should still be suspected and 
a re-examination should be made after 
administration of antispasmodics, if neces 
sary, to confirm or rule it out (Carman). 
Sharply localized tenderness is also a sus 
picious finding. 
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After a thorough survey of the mucosal 
folds, the stomach should be distended with 
the barium sulfate suspension. The pa- 
tient should then be turned in different 
positions for visualization of the walls of 
the stomach, especially the posterior wall 
along the length of the lesser curvature, 
as the examiner watches for the niche of a 
penetrating ulcer. The fundus can then 
be further examined by pressing the mix- 
ture upwards. (Supine and prone views 
of the fundus are also important.) 

By the time this has been done, the 
pylorus has probably relaxed. It is at 
this point that proper relaxation of the 
patient is most important. All the manip- 
ulation possible will not force barium 
through the pylorus of a stomach with an 
atonic antrum. Reassurance of the pa- 
tient, the mentioning of food, and gentle 
stroking of the antrum will increase its 
tone and further relax the pylorus. Peri- 
stalsis, helped by the manipulation, will 
then fill the cap. The type of manipula- 
tion is important. Pressing on the an- 
trum, in an attempt to push the barium 
through the pylorus, results in compressing 
the cap against the liver and prevents the 
cap from filling. The proper procedure is 
to allow the antrum to fill by peristalsis; 
then, with just enough pressure to approxi- 
mate the walls of the stomach, the cupped 
right hand is placed over the body of the 
stomach, at or just above the angle, and 
gentle downward pressure is produced in 
order to increase the intragastric pressure 
in the antrum. The cap then fills readily 
after one or two trials. Further increase 
of the pressure in the antrum may be ob- 
tained by pressure over it with the left 
thumb, which is then in position to obstruct 
the third portion of the duodenum, if 
necessary, to keep the cap filled. After 
the cap is filled, it is palpated and manipu- 
lated to disclose the folds of the mucosa. 
The variations of normal here are greater 
than those in the stomach, but departures 
from normal are equally important. 

The importance of completely distending 
the cap cannot be stressed too much. 
In the absence of a previous surgical pro 
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cedure in the region (especially involving 
the gallbladder), any persistent deformity 
of the cap represents a scar of a duodenal 
ulcer (Cole) and one in which active dis- 
ease may be present. If the cap is not 
completely distended, apparent but not 
real deformity may be present and be quite 
persistent. The presence of a persistent 
fleck of barium surrounded by an areola 
of edematous tissue represents a penetrat- 
ing ulcer crater on the anterior or posterior 
wall of the duodenum. A niche at the 
edge of the cap shadow, if it can be differ- 
entiated from a scar deformity or a pseudo- 
diverticulum, also represents an active 
crater. These changes do not require films 
for their differentiation, but can be easily 
outlined on the screen. There is no ques- 
tion in my mind that they represent active 
disease—disease that can be confirmed by 
the surgeon or pathologist and fit the 
clinical picture of an active ulcer. How- 
ever, active ulceration in the duodenum 
is not necessarily a process of ulcerous 
It can be an inflammatory 


penetration. 
infiltration of the duodenal wall without 
superficial ulcer or ulcers in the overlying 


mucosa. The only finding, either fluoro- 
scopically or on film examination, is the 
persistent deformity. The determination 
of the activity of the process then depends 
on the clinical findings. One should re- 
member that the clinician can help in 
differentiation and that the roentgenolo- 
gist does not have to take the whole load 
on his shoulders, even if at times he is 
expected to do so. 

The question of disappearance of the 
crater of a penetrating ulcer in the stomach 
as an indication of healing is an important 
one. Certainly ulcers under 10 mm. in 
diameter, located near or on the lesser 
curvature, can be considered to be healed 
when they disappear. Elsewhere in the 
stomach disappearance of an ulcer should 
be checked, not once, but several times 
before presuming that it is healed. Ulcers 
of any size on the greater curvature are 
so nearly always malignant that they 
should be treated as such after the initial 
diagnosis. The disappearance of an ulcer 


June 1949 


crater in the duodenum is presumptive 
evidence of healing, for the time being. ]t 
may, and probably will, recur after an 
interval, on the assumption of “once a 
duodenal ulcer, always a duodenal ulcer.” 

All these findings, seen so well under the 
fluoroscope and so easily recorded on 
films, are confirmable anatomically by the 
surgeon or pathologist. One questions the 
thesis of those whose main dependence is 
on films made during the screening of the 
patient, that the finer detail (especially 
the mucosa) produced on the films is of 
any particular significance. One might 
argue also that this method results in 
earlier diagnosis. However, in our office 
we have records, going back over many 
years, of patients with gastro-intestinal 
symptoms who persistently have shown no 
evidence of active disease. As a matter of 
fact, I remember only one patient who, 
examined at intervals over a period of 
about twenty years, finally was shown to 
have a duodenal ulcer at the age of sixty, 
and this after a period of about two years 
of symptoms considerably different from 
the previous ones. 

Only very rarely does one find it neces- 
sary to re-examine the patient because of 
some suspicious findings on the films taken 
subsequent to the screen examination. 
One soon learns to anticipate possible 
film findings and thus check them before- 
hand. 

In conclusion, the fluoroscope is the 
prime instrument in the x-ray diagnosis 
of diseases of the stomach and duodenum 
in the hands of roentgenologists capable 
of making full use of its facilities. Films 
for recording and checking the findings 
are necessary, but are of secondary impor- 
tance. The demonstration of a penetrat- 
ing ulcer in the stomach or duodenum 
indicates an active ulcer; disappearance 
of the crater is indicative of healing m 
duodenal ulcer, and probable healing of 
small ulcers on or near the lesser curvature 
of the stomach. Findings thus seen fluoro- 
scopically and recorded on films can be 
confirmed anatomically, and it is not 
necessary to produce, by special proce- 
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SUMARIO 
Puesto de la Roentgenoscopia en el Diagnédstico de la Ulcera Péptica 


El roentgenoscopio es el instrumento La observacién de una filcera pene- 
primordial para el diagnéstico roentgenol6- trante en el est6mago o duodeno indica 
gico de las enfermedades del est6mago y el filcera activa; la desaparicién del crater 
duodeno en manos del radidlogo capaz de _ denota cicatrizacién en la filcera duodenal 
usar plenamente sus recursos. Exige, sin y probable cicatrizacién en las ulcerillas de, 
embargo, pronunciada agudeza visual, vi- o cerca de, la curvatura menor del esté- 
veza mental, y coordinacién muy superiora mago. Los signos asi observados roent- 
la necesaria para la mera observacién de genoscépicamente y registrados en las 
los distintos espesores en la pelicula roent- radiografias pueden ser confirmados ana- 
genologica. Las radiografias dedicadas a t6micamente, sin que sea necesario pro- 
registrar y comprobar los hallazgos son ducir, por medio de procedimientos espe- 
necesarias, pero revisten importancia  ciales durante el examen, radiografias en las 
secundaria. que se base principalmente el diagnéstico. 





Physical Problems of Fluoroscopy and Spot-Film Radiography' 


RUSSELL H. MORGAN, M.D. 
Baltimore, Md. 


7 PHYSICAL problems of fluoroscopy 
and spot-film radiography may be 
divided into two principal categories: (a) 
those concerned with the radiation hazards 
to which the patient and radiologist are 
exposed during the performance of the 
procedures and (4) those concerned with 
the poor visibility which prevails during 
any fluoroscopic examination and espe- 
cially during the fluoroscopic study of such 
heavy structures as the abdomen. 


RADIATION HAZARDS 


The effects of x-radiation on biological 
tissues are generally deleterious, and it is 
therefore important that the radiation to 
which the patient is exposed during gas- 
tro-intestinal study be maintained at a 
low value. This requires that the study 
be carried out under conditions in which 
the field of vision is restricted by the 
fluoroscopic shutters to the smallest possi- 
ble size consistent with an adequate appre- 
ciation of the anatomical relationships 
under study and in which the time of 
exposure is reduced to the shortest possible 
interval consistent with a complete exam- 
ination. Although the biophysicists who 
recently have expressed so much concern 
over the delivery of even minute quan- 
tities of x-radiation to the body are possibly 
unnecessarily apprehensive, there can be 
little doubt that fluoroscopic examinations 
in which the shutters are opened to give an 
aperture of the order of 200 square inches 
for periods of ten and fifteen minutes 
should be condemned. Unfortunately 
there are a few radiologists, and many 
more internists whose offices are equipped 
with fluoroscopic apparatus, who regularly 
persist in conducting their fluoroscopic 
procedures in just such a manner. It is 


’ From the Department of Radiology, the Johns Hopkins University and Hospital, Baltimore, Md. 
sented as part of a Symposium on Peptic Uleer at the Thirty-fourth Annual Meeting of the Radiological Society of 
North America, San Francisco, Calif., Dec. 5-10, 1948 
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Fig. 1. Effect of field size on the roentgen dosage re- 
ceived by the incident skin surface of a patient during 
fluoroscopy. Conditions of exposure: tube potential, 
85 kv.p.; tube current, 4 ma.; filter, 3 mm. Al; target- 
table top distance, 18 inches; phantom, 20 cm. of 
masonite tempered presdwood; field size measured 
at fluoroscopic screen; roentgen measurements include 
back-scatter. 


therefore hoped that before long the screens 
with which conventional fluoroscopes are 
equipped will be reduced in size, either by 
convention or by regulation, to dimensions 
consideraly smaller than the 12 X 16 
inches now provided. 

Experience gained at the University of 
Chicago Clinics and the Johns Hopkins 
Hospital, where fluoroscopic screens of 
the order of 30 to 50 square inches have 
been in regular service for periods of sev- 
eral years, indicates that such small screens 
constitute no clinical problem in the exam- 
ination of any anatomical structure. The 
small field sizes imposed by these screens 
have done much to reduce the radiation 
exposure of the patients who have been 
examined. This is well shown in Figure 
1, where the dosage in roentgens, includ- 
ing back-scatter, received at the incident 
surface of a phantom of tempered masonite 
presdwood, 20 cm. in thickness, is plotted 
as a function of the field of observation on 
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the fluoroscopic screen. The measure- 
ments were made with a fluoroscope oper- 
ating at 85 kv.p. and 4 ma., with a filter 
of 3 mm. of aluminum and with a target- 
table top distance of 18 inches. It will be 
observed that the dosage becomes greater 
as the field size increases. This rise in 
dosage, however, does not indicate the 
entire radiation hazard. When the field 
of observation is small, the total length of 
time during which a particular area is 
exposed during an examination is likely 
to be considerably shorter than when the 
field is large, since in the latter case there 
will be considerable overlapping of the 
fields of observation from one moment to 
the next. 

The long periods of fluoroscopy which 
some physicians require for examination 
of the alimentary tract can also constitute 
a serious radiation problem. It may be 
argued by some that prolonged fluoroscopy 
is frequently necessary to perform a 
complete examination. This stand, how- 
ever, does not seem to be justified either 
by practical or experimental observations. 
Although there have been no serious studies 
on the psychological aspects of fluoro- 
scopic vision, preliminary investigations 
which we have undertaken in this field 
indicate that almost all of the intelligence 
recorded on a fluoroscopic screen is appre- 
ciated by the observer within a few seconds 
after the image has appeared on the screen. 
Long periods of further scrutiny are usually 
of little value in determining additional 
diagnostic information. While the speed 
of intelligence-appreciation by an observer 
depends to a great extent on his experience, 
there seems to be little reason why the 
great majority of gastro-intestinal exam- 
inations need be prolonged beyond a 
period of five minutes of actual fluoroscopy 
for the average radiologist. 

Such a period of fluoroscopy, when 
performed by a fluoroscope operating at 
85 kv.p. and 4 ma., with a target-table 
top distance of 18 inches and a filter of 
3mm. of aluminum, with a field size suf- 
ficient to produce a screen image 40 square 
inches in area, will result in the delivery 
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Fig.2. Effect of x-ray tube potential on the roentgen 
dosage received by the incident skin surface of a patient 
during fluoroscopy. Conditions of exposure: tube 
current varied to maintain screen brightness constant 
at various tube potentials; field size 40 square inches; 
other conditions as given for Figure 1. 


of a total of 30 r, including back-scatter, 
to the skin of a patient 20 cm. in thickness. 
The exposure to which any particular area 
of the skin is subjected will, of course, be 
smaller than this total value. The expo- 
sure does not seem excessive. 

The size of the field of observation and 
the time taken for the performance of an 
examination do not constitute the only 
factors which control the radiation dosage 
during fluoroscopy. The kilovoltage ap- 
plied to the roentgen tube, the target-table 
top distance, and the filtration in the roent- 
gen beam also influence the quantity of 
radiation to which a patient is subjected. 
In Figure 2 is shown the dosage, including 
back-scatter, delivered to a tempered 
masonite phantom, 20 em. in thickness, 
during fluoroscopy with a roentgen gener- 
ator operating at various tube potentials. 
The data were obtained under conditions 
in which the tube current was varied so 
as to yield a screen brightness that re- 
mained constant throughout the range 
of kilovoltage studied (at 85 kv.p. the tube 
current was 4.0 ma.). The roentgen beam 
was filtered with 3 mm. of aluminum, the 
target-table top distance was IS inches, 
and the field of observation was 40 square 
inches on the screen. It will be observed 
that for a given screen brightness, the ex 
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Fig. 3. Effect of aluminum filtration on the roentgen 
dosage received by the incident skin surface of a patient 
during fluoroscopy. Conditions of exposure: tube 
current varied to maintain screen brightness constant 
at various filter thicknesses; field size, 40 square inches; 
other conditions as given for Figure 1. 





posure received by a patient diminishes 
as the tube potential is raised until a 
voltage of about 130 kv.p. is reached. 
Thereafter, there is a slight rise in the 
dosage value. From this, it would appear 
that fluoroscopy should be performed at 
tube potentials higher than those now used. 
However, it will be noted that the dosage 
conditions at 85 to 100 kv-p. are little less 
satisfactory than at 130 kv.p., and there 
seems to be no great need, therefore, for 
higher kilovoltages than those now gener- 
ally employed from the standpoint of the 
radiation hazard involved. 

The diminished dosage that occurs when 
the tube potential is increased is caused 
by changes in the spectral distribution of 
the radiation projected through the pa- 
tient. When the potential rises, the frac- 
tion of the radiation which is composed of 
easily absorbed long-wave-length compo- 
nents diminishes and accordingly the dosage 
rate decreases. One should therefore ex- 
pect that filtration in the roentgen beam 
might also affect the amount of radiation 
delivered to a patient during fluoroscopy. 
The magnitude of this effect is shown 
graphically in Figure 3, where the roentgen 
dosage, including back-scatter, delivered 
to a tempered masonite phantom, 20 cm. 
in thickness, when fluoroscoped by a roent- 
gen generator operating at 85 kv.p., is 
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plotted against thickness of aluminum 
filtration placed in the beam. These 
measurements were made with a roentgen 
tube having an inherent filtration of 0,7 
mmm. of aluminum, and operating at tube 
currents which yielded a screen brightness 
that remained constant through the range 
of filter thickness studied (at 3 mm. of 
aluminum the tube current was 4.0 ma.), 
The target-table top distance was 1S inches 
and the field of observation was 40 square 
inches at the screen. 
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Fig. 4. Effect of target-table top distance on the 
roentgen exposure delivered to the incident skin surface 
of a patient during fluoroscopy. Conditions of e- 
posure: tube current varied to maintain screen bright- 
ness constant at various target-table top distances; 
field size, 40 square inches; other conditions as given 
for Figure 1. 

It will be observed that increases in 
filter thickness markedly decrease the 
incident radiation dosage received by 
the patient. Furthermore, this effect is 
obtained at very little cost in extra milli- 
amperage needed to maintain the screen 
at its original brightness (see dotted curve 
in Fig. 3). It therefore appears that more 
filtration than that customarily used in 
the roentgen beam during fluoroscopy is 
desirable; indeed, filters of 2 to 4 mm. in 
thickness should provide very real reduc- 
tions in the quantity of radiation to which 
patients are subjected during fluoroscopy. 

In recent years, considerable attention 
has been given to the effect of increased 
target-table top distances in decreasing 
the radiation exposure of a patient (1). 
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This effect, however, is not as great as 
might be anticipated. In Figure 4, the 
roentgen dosage, including back-scatter, 
delivered to a tempered masonite phantom, 
9) cm. in thickness, when fluoroscoped 
with a roentgen generator operating at 85 
kv.p., and filtered with 3 mm. of aluminum, 
is plotted as a function of the target-table 
top distance. These data were obtained 
with the roentgen tube operating at cur- 
rents such that the brightness of the fluoro- 
scopic screen remained constant through- 
out the ranges of target-table top distances 
studied. It will be observed that, al- 
though the roentgen dosage rate diminishes 
as the target-table top distance increases, 
the change is not great for values over 15 
inches; for example, the dosage rate is 
only down 16 per cent when the distance 
is increased from 15 to 20 inches. 

The effect of spot-film radiography on 
the quantity of radiation delivered to a 
patient during fluoroscopy has been of 
considerable concern to many radiologists 
inrecent years. There seems, however, to 
be little basis for this apprehension. The 
quantity of radiation delivered at each 
spot-film exposure will, of course, depend 
on the equipment on which the films are 
made, but with conventional equipment 
the exposures may be expected to be of the 
order of 20 to 50 ma.-seconds. If a series 
of six films is made (possibly the number 
needed for the complete study of an aver- 
age individual), 120 to 300 ma.-seconds 
will constitute the necessary exposure for 
the entire set of films. However, if the 
patient is fluoroscoped for a period of five 
minutes at a tube current of let us say 
4.0 ma., the total fluoroscopic exposure 
will approach 1,200 ma.-seconds. Thus, 
the set of spot-films will constitute a 
roentgen exposure of only 10 to 25 per cent 
of that received during fluoroscopy. Such 
an extra exposure can hardly be thought 
deleterious in view of our knowledge of the 
telatively large percentage changes in 
radiation exposure needed to produce a 
change in biological reaction. 

Although spot-film radiography in gen- 
eral appears to be a safe procedure from the 
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Fig. 5. Spot-film fluoroscope constructed in the 
radiology model shop of the Johns Hopkins Hospital. 
Unit includes fine-focus rotating-anode tube, moving 
grid, automatic photoelectric timer, and compression 
apparatus independent of field-limiting devices. Table- 
tilting mechanism is electrically activated by a switch 
on the front of the screen to facilitate operation of the 
table ith sick patients. A low-intensity pilot light 
at the cop of the screen has been added to throw light on 
barium glasses when they are handed to patients 
Light comes on when red light of room is lighted 


standpoint of radiation hazard, there is 
one practice that is commonly employed 
in the method that has considerable poten 


that is the practice of using 
when 


tial danger; 
field-limiting compression 
one is seeking mucosal relief views of the 
stomach or duodenum. 
normally located between the patient and 
screen and, when in place, permit the 
fluoroscopist to examine the patient with 
good visibility even though the shutters of 
the fluoroscope may be wide open. In 
deed, unless great care is exercised by the 
radiologist, films will be made under this 
undesirable condition more often than not 
If adequate protection is to be maintained, 
the devices that are used for compression 
should not be devices that also limit the 
field of fluoroscopic vision. Furthermore, 


devices 


These devices are 
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Fig. f Isodose curves showing expesure in milli- 
roentgens per hour about fluoroscope shown in Figure 5 
during fluoroscopy. A. Sagittal plane in front of 
fluoroscope B. Coronal plane laterally from fluoro 
seopic screen Transverse plane through the 
table Exposure conditions tube potential %5 
kv.p tube current, 4 ma filter, 3mm. Al; target- 
table top distance, 15 inches; field size, 80 square 
inches at screen; phantom, masonite tempered presd 
wood, 20 em. thick, 30 cm. wide, and 60 cm. long 


field-limiting devices should never be 
placed between the patient and screen but 
always between the roentgen tube and the 
patient unless some automatic mechanism 
is provided to limit the shutter opening 
when the device is in place. ‘This does not 
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mean that one should not make mucosal 
relief views at spot-film fluoroscopy; noth- 
ing could be further from the case. How- 
ever, the compression instruments which 
one uses in fluoroscopy should not also 
constitute field-limiting mechanisms that 
restrict the field after the radiation has 
passed through the patient. 

Until now, nothing has been said regard- 
ing the radiation hazards to the radiologist 
and their alleviation. In general, how- 
ever, the procedures that reduce the radia- 
tion exposure to the patient also reduce the 
exposure to the fluoroscopist. Further 
reduction in exposure can be obtained by 
the use of leaded aprons and gloves. The 
most effective use of these materials by a 
given fluoroscopist can be determined, 
however, only with a knowledge of the 
radiation exposure conditions about his 
fluoroscope. It is unfortunate—and a dis- 
appointing commentary on the roentgen 
industry —that no manufacturer of fluoro- 
scopic equipment publishes such data at 
the present time. 

The radiation exposure conditions about 
one of the fluoroscopes (Fig. 5) which we 
have recently placed in operation are illus- 
trated in Figure 6A-C. ‘This fluoroscope 
is basically a Westinghouse Duoflex model 
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that has been altered in our laboratory 
shops to permit the same flexibility in 
spot-film radiography as is provided by 
the fluoroscope designed by Hodges and 
described by Templeton (2). The maxi- 
mum field of vision at the screen is 80 
square inches. All of the data presented 
in Figure 6 were obtained with a tempered 
masonite presdwood phantom 20 cm. in 
thickness, 30 cm. wide, and 60 cm. long. 
The fluoroscopic beam was provided by a 
generator operating at 85 kv.p. and 4.0 ma. 
The beam had a filter of 3 mm. of alumi- 
num, the target-table top distance was 18 
inches, and the observational field at the 
screen was SQ square inches. Figure 6A 
shows the exposure conditions in a sagittal 
plane in front of the fluoroscopic screen; 
the data in Figure 6B indicate the exposure 
conditions in a coronal plane laterally from 
the fluoroscopic screen, while those in Fig- 
ure 6C are in a transverse plane through 
the table. It will be observed that the 


danger areas extend (a) laterally on either 
side of the fluoroscopic screen in a direction 


where the radiologist stands while examin- 
ing the patient in the recumbent position 
and (b) anteriorly above and below the 
fluoroscopic screen where the radiologist 
sits when examining the patient in the 
vertical position. Almost all of the radia- 
tion exposure occurring in these two loca- 
tions is composed of scattered radiation 
arising in the patient. The lead glass 
covering the fluoroscopic screen appears 
to prevent effectively the transmission of 
significant quantities of direct radiation. 

Leaded aprons are fairly efficient in 
absorbing the scattered radiation to which 
the radiologist is exposed. One commer- 
cial apron having a lead equivalence of 
0.5 mm. transmitted only | per cent of the 
scattered radiation incident upon it under 
the conditions which were employed for 
the collection of the data illustrated in 
Figure 6. It appears, therefore, that such 
an apron will provide sufficient protection 
to enable the radiologist to conduct fluoro 
scopic examinations for considerable pe 
tiods each day without exceeding an expo 
sure of 0.1 r at any location about the 
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fluoroscope. However, it must be pointed 
out that present-day aprons do not always 
cover the body in the regions where maxi- 
mum exposure is encountered. For exam- 
ple, in Figure 6A, it will be seen that the 
area of greatest danger occurs immediately 
below the fluoroscopic screen, where the 
shoulders and neck of the fluoroscopist, 
unprotected by conventional aprons, are 
located. It therefore seems desirable that 
additional protective measures, such as 
leaded rubber curtains, be placed about 
the bottom of the fluoroscopic screen to 
insure the absorption of the high-intensity 
radiation which exists at this location. 

Before leaving the problems of radiation 
protection in fluoroscopy, it may be well to 
say a word or two regarding the hazards 
of placing the hand in the so-called direct 
roentgen beam between the patient and the 
fluoroscopic screen. Measurements of the 
radiation exposure existing within a 2-ply 
Liberty Dressing Company glove when 
placed in the center of the irradiated field 
in front of a 20-cm. presdwood phantom 
with the fluoroscope operating at 85 kv-p. 
and 4.0 ma., with 3 mm. of aluminum 
filtration, and with an 18-inch target-table 
top distance, indicate that 0.05 r per hour 
may be expected at this location. It there- 
fore appears that the hand of the operator, 
when protected by such a glove, may be 
placed in the direct beam for short periods. 
In this connection, it is regrettable that 
present-day gloves do not cover more of the 
forearm. It is apparent from Figure 6A 
that, when the protected hand is placed 
in the direct roentgen beam, the unpro- 
tected forearm is exposed to undesirably 
high radiation intensities scattered outside 
the direct beam. 


FLUOROSCOPIC VISIBILITY 

The poor visibility which prevails dur 
ing fluoroscopy is well known. Its cause 
is not to be found in any deficiencies of the 
fluoroscopic screen or even within the 
human visual mechanism, but instead in 
the relatively large statistical fluctuations 
which exist from moment to moment in 
the intensity of the fluoroscopic beam 
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Fig. 7. Visual performance curves in which per cent 
threshold contrast is plotted as a function of minimum 
perceptible image diameter during fluoroscopy. A 
10-cm. presdwood phantom. B. 20-cm. presdwood 
phantom. C. 30-cm. presdwood phantom. Exposure 
conditions: tube potential, 85 kv.p.; tube current, 
4ma.; filter, 3 mm. Al.; target-table top distance, 18 
inches: screen, Patterson B-2; field size, 80 square 
inches. .Curve D indicates visual performance during 
radiography with Patterson par speed screens and East- 
man blue brand film 


These fluctuations could be reduced and 
visibility improved by increasing the beam 
intensity several hundred times. How- 
ever, such a solution to the problem is 
obviously impractical. Another solution 
is the development of an electronic screen 
intensifier by which the brightness of the 
fluoroscopic screen could be increased and 
the fluctuations in the screen’s light out- 
put reduced to at least some extent (3). 
Although such screen intensifiers are now 
in the experimental stage, practical devices 
will probably not be available for a few 
years, and it appears that for some time to 
come poor fluoroscopic visibility will con- 
tinue to be the rule. 

Fluoroscopic visibility is a function of 
the sizes of the images under observation 
and of the contrast they exhibit with their 
surrounding fields. This is well shown in 
Figure 7, where the smallest image size 
which may be perceived at fluoroscopy is 
plotted as a function of image contrast for 
conditions where the roentgen generator 
is operating at 55 kv.p. and 4.0 ma., with 
a3mm. aluminum filter, an 1%-inch 
target-table top distance, and with a Pat 
terson type B-2 sereen. Curves A, B, and 
C represent conditions respectively when 
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the structure under observation is equiva- 
lent to 10, 20, and 30 cm. of masonite presd- 
wood in thickness. Images of sizes and 
contrasts that fall above and to the right 
of each curve are readily seen; those that 
fall below and to the left of each curve are 
invisible. The range of contrast between 
the dotted lines is the range normally 
encountered in fluoroscopic practice. 

The threshold visibility data for radiog- 
raphy are depicted in curve D of Figure 
7. It will be noted that visual perform- 
ance at radiography is markedly better 
than that at fluoroscopy. For example, 
an image of 30 per cent contrast must be 
fifteen times larger to be seen at abdominal 
fluoroscopy (equal to 20 cm. of presdwood) 
than at radiography. 

In the absence of screen intensification 
systems, radiologists long ago began using 
spot-film radiography for better visualiza- 
tion of the gastro-intestinal tract. Al- 
though spot-film technics have been widely 
used, it is rather surprising that they have 
not received an overwhelmingly enthusias- 
tic reception in view of the data illustrated 
in Figure 7. One reason for this may be 
the radiation hazard that is involved. 
However, as we have pointed out above, the 
procedure involves no serious radiation 
hazard. The major reason why spot-film 
technics are not universally used is prob- 
ably the poor quality of the films that may 
be obtained with conventional fluoroscopic 
equipment at the present time. The 
performance of almost all of these devices 
falls far short of curve D in Figure 7. 
This is due, first, to the large focal spot 
sizes that are often used for spot-film 
radiography and which produce blurring 
of the images; second, to the difficulty 
of frequent and correct adjustment of the 
exposure factors of the x-ray machine as 
the examination proceeds so that properly 
exposed films will be consistently pro- 
duced. By and large, gastro-intestinal 
spot-films are usually the most poorly 
exposed films made in a department of 
radiology, since it is almost impossible for 
the fluoroscopist to gauge, time after time, 
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the proper exposure factors as the patient 
is placed first in one position and then in 


another. 
Fortunately, the technical problems of 


spot-film radiography that have just been 
cited are being solved. Fluoroscopes with 
fine-focus rotating-anode tubes are now 
generally available, and fluoroscopes with 
automatic phototiming on their spot-film 
devices are being produced by several 
manufacturers. Spot-film radiography 
probably constitutes the most valuable 
of all applications of automatic photo- 
electric timers. From the moment the 
switch of the fluoroscope is turned on, 
these timers permit the fluoroscopist to 
forget entirely the technical workings of 
his equipment and to devote his undivided 
attention to the clinical problems of his 
patient. 

Another factor which frequently leads 
to poor quality in spot-films is the failure 
to use a grid when the exposure is made. 
As we shall see shortly, the use of a grid in 
conventional fluoroscopy is not so impor- 
tant, but when films are to be obtained, the 
contrast will be undesirably low unless a 
grid is employed. Some radiologists ob- 
ject to the grid lines that occur on the 
films made with conventional stationary 
grids. It appears likely that moving grids 
may become available on spot-film equip- 
ment before long and eliminate this diffi- 
culty. Such a grid has been installed in 
the fluoroscope shown in Figure 5. 

Although fine-focus x-ray tubes and 
stationary grids have found their greatest 
usefulness in spot-film radiography, they 
have been advocated by some for conven- 
tional fluoroscopy. The comparative mer 
its of fine-focus tubes over coarse-focus 
tubes are illustrated in Figure 8, where the 
smallest image which may be perceived at 
fluoroscopy is plotted as a function of 
image contrast. The solid curves are 
identical with those shown in Figure 7 
and represent conditions where disks of 
essentially perfect sharpness are viewed 
on fields of varying contrast under the 
fluoroscopic conditions specified for Figure 
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Fig. 8. Visual performance curves in which per cent 
threshold contrast is plotted as a function of minimum 
perceptible image diameter. Solid curves are identical 
with those in Figure 7. Dotted curves represent condi- 
tions in which the images on the screen are produced by 
objects placed 20 inches in front of the x-ray tube and 
4 inches behind the fluoroscopic screen and examined 
fluoroscopically with a tube having a focal spot 5 mm 
in diameter. 
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7. The dotted curves, on the other hand, 
represent conditions in which the disks are 
placed in such a position between the 
x-ray tube and the fluoroscopic screen that 
the geometric unsharpness at the image 
boundaries on the screen is 1 mm. (the 
unsharpness that would be produced by 
objects examined fluoroscopically with a 
tube having a 5-mm. focal spot and placed 
20 inches in front of the x-ray tube and 
4 inches behind the screen). 

It will be observed that some improve- 
ment in vision occurs when the unsharpness 
caused by the large focal spot is removed. 
The effect is greatest when the structure 
under examination is thinnest (/. ¢., when 
the screen is brightest). It therefore 
seems well worth while to use fine-focus 
tubes for fluoroscopy. 

It is well known that grids do not seem 
as advantageous in fluoroscopy as in radiog 
raphy. ‘The reason for this may be found 
in the fact that, although a grid improves 
the contrast of an image, it 
its brightness. The net result, therefore, 
is not the spectacular change that is seen 
in radiography. However, it has recently 
been shown (3) that the improvement in 
visibility due to the increased contrast 
provided by a grid is greater than the loss 


also decreases 
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of visibility due to the decreased screen 
brightness, and there is therefore no doubt 
that grids are generally desirable for con- 
ventional fluoroscopy.’ 


2 The relationship between the size of the smallest 
image that can be perceived at fluoroscopy, the con- 
trast of the image and the brightness of the fluoro- 
scopic screen may be expressed by the general equa- 
tion 


k 


d= CB: (1) 


where d is the image diameter, C is the image contrast, 
B is the screen brightness, and £ is a constant. 
Also, the contrast of an image may be defined as 


C= “ (2) 


where AB is the difference in brightness between the 
image and its surrounding field. 

Now, in fluoroscopy, if it were possible to prevent all 
scattered radiation from reaching the screen, let us 
say by a perfect grid, then the contrast of the image 
would be 


ABp 


B, (3) 


yy = 
where the subscript p indicates that the light emitted 
from the screen is due entirely to primary x-radiation. 
If no grid were used, the contrast value would be 
: AB, 
C= => (4 
t B; ) 
where the subscript ¢ indicates that the light emitted 
from the screen is produced by the total radiation 
products, primary and secondary, transmitted from the 
patient. 
It is evident from equations (1), (2), and (3) that the 
smallest perceptible image that may be seen when a 
perfect grid is used is given by the equation 


_ RBz*/2 


_= (5 
’ AB, ») 


Also, when a grid is not used, 


_ kB/s 
d= 


When equation (5) is divided by equation (6) 


dy a (3)” (7 
a. ~ \B 4) 


Since By is smaller than B,, equation (7) indicates that 
d, is smaller than d,; that is, smaller images may be 
seen when a grid is employed at fluoroscopy than when 
it is not used. The improvement in visibility is not 
proportional, however, to the ratio of the screen bright- 
nesses with and without a grid, as it is for radiogra- 
phy, but only proportional to the square root of the 
ratio. Thus, the usefulness of a grid during fluoroscopy 
is not so apparent as in radiography. 
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SUMMARY 


The discussion of the physical problems 
of fluoroscopy and spot-film radiography 
that has been developed in the foregoing 
pages appears to indicate that the radiation 
hazards attendant on these procedures may 
be minimized (a) by maintaining the 
fields of fluoroscopic observation as small 
as possible, (5) by keeping the time of 
fluoroscopy short, (c) by providing 2 to 4 
mm. of aluminum filtration in the x-ray 
beam, and (d) by plotting the exposure 
conditions that exist about one’s fluoro- 
scope and introducing such extra protective 
measures beyond those provided by apron 
and gloves as may be necessary. In 
addition, the hazards will be somewhat 
further reduced by increasing the target- 
table top distance and increasing the 
x-ray tube potentials to levels of 85 to 
100 kv.p. No significant radiation hazard 
is introduced by the employment of spot- 
film radiographic technics in routine fluoro- 
scopic practice. 

The problems of poor visibility that 
exist during fluoroscopy may be solved by 
the use of spot-film radiography. Full 
advantage of this procedure, however, can 
be taken only when a fine-focus rotating- 
anode x-ray tube, a stationary grid, and an 
automatic phototimer are used. A grid 
and a fine-focus x-ray tube also benefit 
conventional fluoroscopy to an _ extent 
sufficient to merit their general use in this 
field. 


The Johns Hopkins Hospital 
Baltimore 5, Md. 
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SUMARIO 


Problemas Fisicos de la Roentgenoscopia y la Radiografia Instantanea 


El estudio de los problemas fisicos 
planteados por la fluoroscopia y la radio- 
grafia instantanea parece indicar que 
pueden reducirse a un minimo los riesgos de 
la irradiacién: (a) manteniendo los campos 
de observacién roentgenoscépica lo mas 
pequefios posible; () abreviando la dura- 
cién de la roentgenoscopia, (c) facilitando 
una filtracién del haz de rayos X por 2 a 4 
mm. de aluminio, y (d) delineando las con- 
diciones de exposicién que existen alrededor 
del roentgenoscopio e introduciendo las 
providencias extraordinarias de proteccién 
que parezcan necesarias, aparte de las 
ofrecidas por el delantal y los guantes. Los 
riesgos seran algo atenuados aumentando 
la distancia desde la porcién superior de la 


mesa al blanco e igualmente los potenciales 
de los tubos de rayos X a cifras de 85 a 100 
kv.p. El empleo de la radiografia instan- 
tanea en el curso de la roentgenoscopia no 
agrega mayor riesgo a la irradiacién. 

Los problemas creados por la mala visi- 
bilidad durante la fluoroscopia pueden ser 
resueltos con el empleo de la radiografia 
instantanea, pero para aprovechar plena- 
mente la misma hay que utilizar un tubo de 
rayos X de 4nodo rotatorio y foco fino, una 
rejilla estacionaria y un fotocrondégrafo 
automatico. Una rejilla y un tubo de rayos 
X de foco fino también benefician la roent- 
genoscopia corriente lo suficiente para 
justificar su empleo general en dicho pro- 
cedimiento. 





Gastroscopy in the Evaluation of Patients with Peptic Ulcer’ 
MORRIS E. DAILEY, M.D. 


San Francisco, Calif. 


HE OBJECT OF this paper is to discuss the 
y és value and limitations of gastroscopy 
as a diagnostic aid and as a guide to the 
efficacy of therapy in patients with duo- 
denal, gastric, and stomal ulcers. 

A gastroscopic study may readily be 
made in fasting patients on an ambulatory 
basis, with local anesthesia of the pharynx. 
While the patient lies on his left side, the 
instrument, which is flexible and covered 
with rubber in the portion which lies in 
the lower esophagus and stomach, is in- 
serted. A prism at the distal end enables 
various areas of the gastric mucosa to be 
seen at right angles to the axis of the instru- 
ment. A series of convex lenses allows 
a clear image to be maintained if the 
flexible portion is deviated not more than 
30° at any single point. During the pro- 
cedure the stomach is inflated with air 
through a passage inside the instrument. 

Upon the initial insertion of the gastro- 
scope, the pylorus should be sought as a 
major landmark and should be seen in 
90 per cent of undistorted stomachs (1). 
A second landmark, the incisura angularis, 
is an arch-like fold on the lesser curvature 
which separates the antrum from the body 
of the stomach. This fold, caused simply 
by the angulation of the. stomach, corre- 
sponds roughly to the incisura demonstra- 
ted radiologically. Deep peristaltic waves 
may be seen to cross the antrum associated 
with contractions of the pylorus. 

Three zones of the stomach are not 
visible gastroscopically: the posterior 
wall on which the instrument lies, the 
lowermost lesser curvature behind the 
incisura angularis, and the cardiac portion 
of the stomach which domes above the 
entrance of the esophagus. No portion 


of the esophagus can be seen gastroscop- 
ically. Radiographic studies made by Ould 
and Dailey (2) demonstrated that the 
gastroscope clings closely to the posterior 
wall near the lesser curvature. This js 
the reason why it is frequently difficult or 
impossible to visualize lesions of the pos- 
terior wall, since the focal distance of the 
lens of the instrument is approximately 
1.5 cm. ; 

The contraindications to gastroscopy 
include esophageal diverticula, varices, and 
neoplasms; cardiospasm; aortic aneu- 
rysm; severe deformities of the thoracic 
spine; gastric tumors which encroach upon 
the cardia. Age is not a contraindication, 
our oldest patient being eighty-six years of 
age. Nearly all patients are entirely co- 
operative when the procedure is explained 
to them and they are assured of the absence 
of pain. 

Several studies have been made which 
compare the accuracy and relative value 
of competent radiographic and _ gastro- 
scopic examination of the stomach; that 
of Benedict (3) is one of the most recent, 
objective, and comprehensive appraisals. 
Since a major gain from gastroscopy is the 
evaluation of radiographic findings, it is 
evident that an appreciation of the value 
and limitations of each method of examina- 
tion is desirable. Only on rare occasions 
is gastroscopy performed prior to barium 
examination, and it is the radiologist, 
therefore, who informs the gastroscopist 
as to the sites of various lesions and where 
the major portion of the examining time 
should be spent. Gastroscopy and radiog- 
raphy of the stomach are methods which 
nicely complement each other, the former 
enabling one to see large areas of mucosa in 


1 From the Division of Medicine of the University of California Medical School, and the Gastro-Intestinal 
Clinic of the University of California Hospital, San Francisco, California. 

This study was supported in part by a grant from the Donner Foundation, Cancer Division, Philadelphia, Pa. 

Presented as part of a Symposium on Peptic Ulcer at the Thirty-fourth Annual Meeting of the Radiologica 
Society of North America, San Francisco, Calif., Dec. 5-10, 1948. 
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detail and the latter to discover abnormal- 
ities of contour, pliability, or peristalsis, 
and to identify lesions in areas inaccessible 
to the gastroscope. 


DUODENAL ULCER 


In our experience gastritis associated 
with uncomplicated duodenal ulcer is not 
common, although Christiansen (4) re- 
ported an incidence of 61.4 per cent in 
70 patients. In our series of 107 patients 
with duodenal ulcer the gastric mucosa 
was entirely normal in 82 (Table I). An 


TaBLE I: APPEARANCE OF GASTRIC MUCOSA IN 
107 PATIENTS WITH DUODENAL ULCER 

Normal gastric mucosa. . 

Hyperfunctioning mucosa. .. 

Superficial gastritis a 

Hypertrophic gastritis............ 

Atrophic gastritis. . . 

Mucosal hemorrhages................ 


Gastric ulcer, benign 


* Three with pyloric displacement due to posterior 
penetrating duodenal ulcer. 


additional 18 patients displayed an en- 


gorged hyperemic mucosa with soft enlarged 


succulent rugae. This is considered to be 
a purely physiologic change associated 
with the gastric hypersecretion so common 
in these patients. Wolf and Wolff (5) 
have noted this hyperfunctioning mucosa 
by observations through a gastrostomy 
stoma. Their subject was without gastro- 
intestinal disease. Emotions such as re- 
sentment and drugs such as alcohol or 
histamine produced a hyperemic edema- 
tous mucosa which seems identical in 
appearance with the hyperfunctioning mu- 
cosa noted in our patients with duodenal 
ulcer. In this way, a gastritis is simulated 
but is obviously not present, since the 
hyperemia is transient, there is no thick 
adherent mucus, and the rugae are simply 
edematous with no evidence of gastritic 
infiltration. If such a hyperfunctioning 
mucosa occurs in patients with duodenal 
ulcer, and gastrectomy is contemplated, 
an especially high resection is indicated. 
In posterior penetrating duodenal ulcers, 
the pylorus may be displaced posteriorly, 
while with obstruction, minimal inflam- 
matory changes may be present, appar- 
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ently due to the retained acid secretion. 

Gastroscopy is also useful in certain pa- 
tients with duodenal ulcers complicated 
by obstruction or bleeding. Since it is 
sometimes difficult to determine if gastric 
retention is due to a duodenal or antral 
lesion, gastroscopic visualization of a nor- 
mal pylorus would support strongly the 
inference that the obstruction is extra- 
gastric and probably due to a cicatrizing 
duodenal ulcer. In instances of shallow 
duodenal ulcers, bleeding intermittently 
and perhaps not too clearly identified 
radiologically, a normal gastroscopic ex- 
amination would aid in ruling out gastric 
disease as the cause of bleeding. This 
may be of real significance especially if 
surgery is planned in a period of quiescence 
between hemorrhages. 


GASTRIC ULCER 


All patients with gastric ulcer should be 
examined gastroscopically if possible. The 
relationship of persistent gastric ulcer to 
cancer is fully appreciated by radiologists. 
It is most important not to theorize as to 
whether a benign ulcer will become malig- 
nant, but to admit that a gastric ulcer 
which fails to heal promptly should be 
resected. 

Unfortunately, many gastric ulcers are 
in zones which cannot be visualized gastro- 
scopically. Of S88 ulcers demonstrated 
radiographically within the previous month, 
52 (59.0 per cent) were gastro- 
scopically. The remainder were situated 
in gastroscopic blind areas or perhaps 
hidden by secretions or healed. Three ad- 
ditional ulcers were discovered, which had 
not been recognized radiographically. 
These were located high in the stomach, so 
that the ribs made adequate palpation dur- 
ing fluoroscopy impossible. 

At gastroscopy the typical benign gas- 
tric ulcer has a punched-out appearance, 
with a gray fibrin base. If it is chronic, the 
walls may be thickened and elevated but 
nevertheless rather sharply demarcated 
from the surrounding normal mucosa. 
The wall of a carcinomatous ulcer may be 
expected to blend with the adjacent mu- 


seen 
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TABLE II: Accuracy oF GASTROSCOPIC DIAGNOSIS OF 
52 Gastric ULCERS 





Malignant Equivocal 





Benign 





Gastroscopic 
opinion 35 15 2t 
Opinion correct 28(80° * 9(60%)* 
Opinion _incor- 
rect 1 4 
No follow-up or 
surgery re- 
fused 6 2 0 





* Since the percentage of accuracy of gastroscopic 
diagnosis is calculated on the basis of total patients 
seen, it could not be decreased even if all cases lost to 
follow-up were incorrectly diagnosed. If accuracy of the 
gastroscopist’s opinion is calculated solely on basis of 
proved cases, the results are as follows: benign ulcer, 
28 of 29 correct (96.5%); malignant ulcer, 9 of 13 cor- 
rect (69.2%). 

+ Both proved to be benign. 


cosa and small nodules may be present at 
its edge. We are not concerned here with 
obviously ulcerating carcinomas, but with 
localized ulcerations which present no 
certain clinical or radiologic evidence of 
malignancy. The size and shape of the 


ulcer are of little differential significance. 
If a gastric ulcer is adequately visualized, 


a rather accurate diagnosis of benign 
ulceration can be made. In at least 28 
of 35 ulcers considered to be benign, the 
diagnosis was correct (Table II). How- 
ever, if an ulcer persists after a trial of 
adequate therapy, the gastroscopist’s opin- 
ion should not in itself bar surgical inter- 
vention. If a gastroscopic diagnosis of 
malignant ulcer is made, a trial of medical 
treatment is not indicated. When a be- 
nign ulcer is erroneously considered malig- 
nant at gastroscopy, it is usually of the 
callous type, which would probably be 
difficult or impossible to heal medically 
within a reasonable and safe period. 

The greatest value of gastroscopy in 
relation to gastric ulcers is in furnishing 
unequivocal proof of complete healing. 
Since ulcers may become too shallow to 
retain barium, and thus can no longer be 
demonstrated by x-ray, gastroscopy is 
considered to be the sovereign method of 
proving that they have vanished. This 
presupposes, of course, that from prior 
examination the ulcer is known to be in 
an area that can be visualized with the 
gastroscope. 
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STOMAL ULCERS AND 
POSTOPERATIVE GASTRITIS 


Depending on the meticulousness and 
length of follow-up, certain patients jp 
whom stomal ulcers will develop may be 
identified. The incidence of gastro-jejunal 
ulcers is highest in those operated upon 
for duodenal ulcer, distinctly less in those 
who have had gastric ulcer, and very un- 
common in those undergoing resection for 
gastric carcinoma. The likelihood of a 
stomal ulcer forming after gastro-enteros- 
tomy for duodenal ulcer may be as high 
as 34 per cent (6). 

The most common symptoms due to 
pathological changes in postoperative stom- 
achs are a feeling of fullness, diffuse upper 
abdominal discomfort, localized epigastric 
or para-umbilical pain, and unexplained 
melena. The functional status of the 
stoma may be evaluated, and a stomal 
ulcer may be demonstrated radiologically. 
If these studies are not conclusive, gastros- 
copy may give additional information 
regarding the cause of symptoms. 

Gray, Meyers and Dockerty (7) have 
emphasized the value of gastroscopy in 
determining the causes of dyspepsia after 
gastric surgery. They found, in 25 patients 
who had undergone gastric surgery, 5 cases 
of gastrojejunal ulcer, 8 of gastrojejunitis, 
and 10 of gastritis. 

An interesting physiologic observation 
is that a true sphincter action of the 
stoma may be seen at gastroscopy. This 
is apparently a function of the wall of the 
stomach and not caused by movements of 
the adjacent jejunum (8). Schindler (%) 
believes that a significant gastritis is far 
less likely to develop when this stomal 
sphincter action is present than when the 
stoma remains motionless and gaping. 

In our clinic, 41 patients have undergone 
gastroscopy a year or longer after gastric 
surgery. Many of the dyspeptic com- 
plaints were functional, but nevertheless 
several anatomical abnormalities were 
found (Table III). No disease was noted 
at gastroscopy in 29 patients in our group. 
In 4 a marginal ulcer had been seen radio- 
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GASTROSCOPY IN Peptic ULCER 


Ill: APPEARANCE OF GASTRIC MUCOSA IN 
41 POSTOPERATIVE STOMACHS 








Normal gastric mucosa. 
Superficial gastritis. ... 
Atrophic gastritis..... ; 
Mucosal hemorrhages... . . 
Marginal ulcer.......... 
Jejunitis. .. 





graphically, but only one of these was 
visualized at gastroscopy. In 7 instances 
a bona fide gastritis was present with thick 
tenacious mucus adherent to the inflamed 


mucosa. Severe jejunitis was found in one 


patient with long-standing melena. 


GASTRITIS 


A complete discussion of gastritis and 
its clinical significance is not pertinent 
to this paper. It may be stated, however, 
that when clinical response to adequate 
therapy of peptic ulcer is poor, gastroscopy 
may reveal an associated gastritis as the 
cause of unrelieved symptoms. In a few 
instances, not reported here, an antral 
gastritis was present, associated with 
shallow erosions, which had been suspected 
radiographically. Such a type of gastritis 
may give pain indistinguishable from that 
of peptic ulcer, although more frequently 
the symptoms are due to a gradually devel- 
oping obstruction. 


SUMMARY AND CONCLUSIONS 


1. Gastroscopy is of diagnostic aid in 
ruling out associated gastric disease when 
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duodenal ulcers are suspected of causing 
chronic bleeding or obstruction, or when 
response to therapy is poor. 

2. Benign gastric ulcers may be rather 
accurately differentiated by gastroscopy 
from malignant ulcers, but proof of benig- 
nity of an individual gastric ulcer is estab- 
lishment, by gastroscopic examination, of 
absolute healing. 

3. Significant gastritis or jejunitis may 
be found gastroscopically in postoperative 
stomachs when no roentgenologic signs of 
disease are evident. 


University of California Hospital 
San Francisco 22, Calif. 


REFERENCES 


1. SCHINDLER, R., AND HERNANDEZ MOoRALEs, F.: 
Gastroscopic Inspection of the Pylorus. Am. J. Di- 
gest. Dis. 7: 242-244, June 1940. 

2. Ovutp, C. L., anp Dartey, M. E.: Simultaneous 
Radiographic and Gastroscopic Examination of the 
Stomach. Radiology 48: 8-14, January 1947. 

3. Benepict, E. B.: Limitations of Roentgenology 
and Gastroscopy in the Diagnosis of Diseases of the 
Stomach. Analysis of 53 Proven Cases. Gastro- 
enterology 8: 251-277, March 1947. 

4. CHRISTIANSEN, T.: Gastroscopic Findings in 
Patients with Duodenal Ulcer. Am. J. Med. Sc. 200: 
61-68, July 1940. 

5. Wotr, S., AND WotrFr, H. G.: Human Gastric 
Function. New York, Oxford University Press, 1943. 

6. Bockus, H. L., AND OTHERS: Gastro-Enterology. 
Philadelphia, W. B. Saunders Co., 1944, Vol. I, p. 615. 

7. Gray, H. K., Meyers, W. C., AND Dockerty, 
M. B.: Postgastrectomy Gastritis. S. Clin. North 
America 28: 965-972, August 1948. 

8. ScHINDLER, R., AND DarLey, M. E.: 
scopic Observations on Gastric Motility 
Digest. Dis. 8: 8-10, January 1941. 

9. SCHINDLER, R.: Gastritis. 
Stratton, 1947, p. 218. 


Gastro- 
Am. J. 


New York, Grune & 


SUMARIO 


La Gastroscopia en la Valuacién de los Enfermos con Ulcera Péptica 


La gastroscopia y la radiografia gAstrica 
son métodos que se complementan _per- 
fectamente, capacitando la primera para 
observar grandes zonas de mucosa en de- 
talle y revelando la segunda anomalias de 
contorno, flexibilidad o peristaltismo a la 
vez que mostrando lesiones en zonas inacce- 
sibles al gastroscopio. 

La gastroscopia ayuda en el diagnéstico 
por excluir la presencia de gastropatia 
asociada cuando se sospecha que filceras 
duodenales ocasionan hemorragia u oclu- 


sién crénica o cuando la respuesta a la 
terapéutica es mala. 

Con la gastroscopia pueden diferenciarse 
con bastante exactitud las ilceras gastricas 
benignas, de las malignas, pero la prueba 
de la benignidad de una itlcera gastrica 
dada consiste en el establecimiento gas- 
troscépico de la cicatrizacién absoluta. 

Gastroscépicamente, pueden descubrirse 
significativas gastritis 0 yeyunitis postopera- 
torias en est6magos sin signos roentgeno- 
l6gicos de enfermedad. 





Peptic Ulcer 
Modern Criteria for Diagnosis and Attempted Diagnosis of Healing! 
DWIGHT L. WILBUR, M.D., and MALCOLM S. M. WATTS, M.D. 


San Francisco, Calif. 


ADIOLOGISTS so commonly deal with 
R objective data regarding the appear- 
ance of the stomach and duodenum fluoro- 
scopically or on films that they are apt to 
lose sight of the importance of the sub- 
jective data which the clinician can bring 
to bear on problems related to the diagno- 
sis of peptic ulcer or its healing. It would 
perhaps be of advantage to discuss with 
you the clinician’s point of view in regard 
to the light thrown upon these problems by 
the subjective clinical data he obtains from 
a patient and his interpretation of the 
objective information furnished him by 
the radiologist. 

The usefulness of such a discussion is 
apparent, for peptic ulcer is an extremely 
common and important disease. Sand- 
weiss (10), in 1947, in a summary for the 
National Committee of the American 
Gastroenterological Association for the 
Study of Peptic Ulcer, pointed out that 
physicians in the United States see more 
than 361,000 patients a month with this 
condition, and estimates indicate that 
there are approximately one and a half 
million persons in this country above the 
age of thirty in whom peptic ulcer develops 
during a period of ten years. Physicians 
in the Armed Forces during World War II 
were greatly impressed by the frequency 
of the disease. Sandweiss quotes figures 
from the respective Surgeons General to 
the effect that during the years 1942 
through 1944 for the Army and 1942 
through 1945 for the Navy the number of 
men separated from the services for dis- 
ability due to this cause exceeded 48,000, 
or the equivalent of at least four infantry 
divisions. Furthermore, its medical and 


1 From the Stanford University School of Medicine and the University of California Medical School. 


financial importance as a cause of disability 
among veterans is indicated by studies 
such as those of Hussar (8). Finally, 
emphasis should be placed on the impor- 
tance of a diagnosis of peptic ulcer among 
those persons in civilian life who may tem- 
porarily fail to secure life insurance or who 
receive disability payments on this ac. 
count. 


CLINICAL DIAGNOSIS 


As Eusterman (5) has pointed out, few 
lesions give rise to such typical symptoms 
as do uncomplicated gastric and duodenal 
ulcers. All of us are familiar with the 
pain-food-ease rhythm of uncomplicated 
ulcer and with the typical pain, which is 
chronic, periodic, usually gnawing or ach- 
ing in character, and promptly relieved 
by ingestion of food. The two factors 
which strike the experienced clinician as 
being the most useful and certain in 
clinical diagnosis are (a) the regular occur- 
rence of pain, distress, or related symp- 
toms, synchronous with some phase of the 
digestive cycle, usually one or more hours 
after eating, and (b) the periodic occurrence 
of these symptoms, with alternating epi- 
sodes of distress and relief for weeks or 
months, often without apparent cause. 
Of secondary diagnostic value are the 
location of the pain in an area between the 
neck and the testicle, the nature of the 
pain, its relief by ingestion of food or by 
antacids, and the associated symptoms 
of heartburn, belching, and gas. 

How often can one obtain this “typical” 
history of ulcer? The more experienced 
the clinician, the more frequently will be, 
by careful questioning, elicit such a his- 


Presented 


as part of a Symposium on Peptic Ulcer at the Thirty-fourth Annual Meeting of the Radiological Society of North 


America, San Francisco, Calif., Dec. 5-10, 1948. 
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tory. It is to be found in 80 to 95 per cent 
of all patients with active uncomplicated 
peptic ulcer. When there is associated 
gastro-intestinal bleeding, the clinical diag- 
nosis of ulcer in the stomach or duodenum 
is established. 

Attention should also be called to other 
clinical syndromes which may be encoun- 
tered in patients with ulcer (Table I). 
Briefly, an ‘‘atypical ulcer’’ story is not 
frequent and, as Eusterman (4) has stated, 
in many instances its apparent occurrence 
is the result of incomplete or inaccurate 
information. The features of such an 
“atypical ulcer’’ history include frequent 
occurrence of pain within fifteen to thirty 
minutes after eating, incomplete or de- 
layed (fifteen to thirty minutes) relief of 
pain by ingestion of food or antacid, 
absence of clear-cut episodes of distress and 
freedom from distress, late awakening 
with night pain (3 to 5 A.M.), epigastric 
distress on awakening, and associated 
general and gastro-intestinal psychoneu- 
rotic manifestations. This type of history 
is noted more frequently in patients with 
gastric than with duodenal ulceration, and 
it may well be the result, in part or in 
whole, of associated disease in other organs 
or of “functional disturbances’ accom- 
panying the ulcer. 

Acute perforation or gastro-intestinal 
bleeding without antecedent symptoms of 
ulcer and, in the case of bleeding, without 
subsequent indigéstion, may be the only 
clinical manifestation of an active peptic 
ulcer. Or the sole clinical evidence may 
consist in symptoms of other complica- 
tions, such as penetration or obstruction 
of the pylorus, particularly in patients of 
the hyposensitive type. Finally, and in- 
frequently, the only clinical manifestation 
may be pain of a crisis type or vomiting, 
much like that observed in the crises of 
tabes dorsalis. 

Chronic dyspeptic symptoms, such as 
gaseous indigestion, cramping abdominal 
pains, abdominal distention, belching, and 
aerophagia are comparatively rare in cases 
of simple ulcer, as has been pointed out by 
Bockus (2). On the other hand, a ‘‘typi- 


Peptic ULCER: MODERN CRITERIA FOR DIAGNOSIS 


TABLE I: CLINICAL FEATURES OF ULCERS 


Manifestations Features 
Pain 
(a) Synchronous with 
digestive cycle 
(b) Qecurring periodi- 
cally 
c) Chronic 
(d) Special qualities 
Lack of clear-cut ulcer 
features (see text 
Often absent or minimal 
antecedent dyspepsia 


Typical history 


Atypical history 


Symptoms of complica- 


tions 

(a) Hemorrhage 
(b) Perforation 
(c) Obstruction 


Crisis type Vomiting 


Pain 


cal ulcer story’ may occasionally be ob- 
tained from patients with carcinoma of the 
stomach, cholecystic disease, chronic pan- 
creatitis, carcinoma of the pancreas, or 
hookworm infection. Usually the skilled 
clinician can find in the patient’s history 
evidence to lead him to suspect a lesion 
other than ulcer. The so-called “‘pseudo- 
ulcer’ or ‘“‘atypical ulcer’’ story is much 
more commonly given by patients with 
psychoneuroses than by patients with 
ulcer. 

Other clinical data, including those ob- 
tained on physical examination, gastric 
analysis, or other laboratory tests, gener- 
ally are not of much value in the diagnosis 
of uncomplicated peptic ulcer, although 
they may be of help in the occasional case. 

The clinical diagnosis depends, in brief, 
on the history the patient gives, and in 
cases difficult to diagnose, considerable 
skill may be required of the clinician to ap- 
proach the patient properly and to elicit 
a true account of his symptoms. 


RADIOLOGIC DIAGNOSIS 

It is generally accepted that the radio- 
logic method of diagnosis of peptic ulcer 
is 95 per cent accurate. A crater or niche 
is the only definite x-ray evidence of an 
active ulcer. It is reported to be found in 
approximately 90 per cent of patients with 
gastric ulcer and in from 30 to 70 per cent 
of cases of duodenal ulcer. The variability 
in results depends in large part on the 
technic of examination. In a considerable 
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number of cases of active ulcer a crater 
will not be demonstrable and furthermore 
a niche has at times been reported in the 
stomach or duodenum when examination 
within the next few days, at gastroscopy, 
at operation, or at necropsy, has failed to 
reveal an active ulcer. 

Constant duodenal deformity in the 
absence of a previous upper abdominal 
operation generally is considered to be 
evidence of an active or healed duodenal 
ulcer and as such is said to be from 90 
to 95 per cent accurate. Other less con- 
vincing and suggestive evidence of duo- 
denal ulcer includes irritability, spasm and 
fragmentation of the duodenal cap, and 
edema of or striking alteration in the 
appearance of the duodenal or gastric 
mucosa. Most of the errors that are made 
in the radiologic diagnosis of peptic ulcer 
are those of omission and not of com- 
mission. 


CORRELATION OF CLINICAL AND RADIOLOGIC 
DIAGNOSIS 


In making a diagnosis of peptic ulcer, the 
roentgenologic evidence must be weighed 
and its value assessed by the clinician 
in conjunction with the other data avail- 
able. As Eusterman (5) has well expressed 
it, “the case history, in the absence of 
skilled fluoroscopy, is all-essential, and is 
much more important than unskilled ex- 
amination by fluoroscopy alone.” 

Perhaps most often for his own reassur- 
ance and that of the patient, the clinician 
will request radiolgic examination to rule 
out an intrinsic organic lesion in the upper 
gastro-intestinal tract in the presence of 
digestive symptoms of uncertain nature. 
In performing this function the clinician 
leans heavily upon the well trained radiol- 
ogist. 

In determining the activity of a duo- 
denal ulcer, the experienced clinician will 
much more often rely on absence of symp- 
toms than he will on the radiologist’s re- 
port. If the patient is symptom-free, 
disappearance of a previously known crater 
substantiates the evidence of healing. 
However, if duodenal deformity persists, 
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the clinician knows that the radiological 
examination is not helpful in telling him 
whether an ulcer is active or inactive. 

Garland (7) has presented a very good 
outline of the report which the radiologist 
might give the clinician on patients re- 
ferred for roentgen examination for evidence 
of duodenal ulcer, namely: (1) duodenal 
ulcer with visible crater; (2) duodenal 
ulcer with questionable crater; (3) duo- 
denal ulcer with no crater visible but 
deformity, typical, presumably active: 
(4) duodenal bulb deformity, probably 
scarring from healed ulcer; (5) duodenal 
bulb deformity probably surgical (closure), 
perforated ulcer, etc; (6) duodenal bulb 
deformity, probably extrinsic (no ulcer); 
(7) negative. 

It is suggested that this classification 
might be modified so that Item 5 would 
read “‘duodenal bulb deformity with py- 
loric obstruction and/or gastric retention,” 
omitting any reference to the therapeutic 
indications. 

While a classification of this type is very 
useful for purposes of study, it must be 
recalled that, without anatomic proof of 
the exact appearance of the duodenal 
mucosa, these findings must in large part 
be interpreted by the clinician in terms of 
the patient’s symptoms and the clinical 
findings, and that they are therefore of 
relative and not absolute value. Use of 
such a classification by a radiologist in 
conjunction with several carefully trained 
clinicians would, over a period of five or 
ten years, add considerably to the diagnos- 
tic accuracy of each group, and above all 
would lead to more information for each of 
them. 

When the radiologist reports findings im 
agreement with the clinician’s impressions 
of the diagnosis, the diagnosis is estab- 
lished. When there is a _ discrepancy, 
however, between the clinical and radio- 
logical findings, the clinician will be influ- 
enced in his diagnosis by such factors as (1) 
the character of the patient’s complaints 
and their resemblance to the symptoms of 
ulcer, (2) the certainty of his clinical im- 
pressions of ulcer, (3) his past experience 
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Peptic ULCER: MODERN CRITERIA FOR DIAGNOSIS 


TABLE II: 


Method of 
Diagnosis 


Clinical 


Absolute Definite 

85-90 per cent 

Uleer type of dis- 
tress 


95 per cent 
Pain synchronous 
Periodicity 


Radiologic | Niche Persistent duodenal 
deformity 
| 
J we 


with the accuracy of reports from the 
radiologist who examined the patient, and 
(4) the presence of other evidences of 
organic disease. 

In Table II an attempt has been made to 
set down those clinical and radiologic data 
which would be considered to have abso- 
lute, definite, relative, and questionable 
value in the diagnosis of ulcer. 

In a patient with clinical evidence or a 
“typical history”’ of ulcer, with or without 
bleeding, and a radiologically demonstrable 
niche in the stomach or duodenum, the 


diagnosis of ulcer would be established 
(with the exception of ulcerating neoplasm 


in the stomach). In fact, with either of 
these clinical or radiologic findings alone, 
the diagnosis of ulcer could be made and 
be accepted unless some very unusual 
mitigating circumstances pointed strongly 
to another condition. Furthermore (in a 
patient with ulcer type of distress) with 
a constantly deformed duodenal cap the 
diagnosis of duodenal ulcer would be 
established. These findings would have 
definite value (Table II). Ina case, how- 
ever, in which the dyspepsia was suggestive 
of ulcer and the radiologic examination 
indicated variable deformity, spasm, ir- 
ritability, or fragmentation of the duodenal 
cap, these latter findings would be relative 
only and the physician (to come to a cor- 
rect decision) would have to be guided by 
his clinical judgment, by the subsequent 
clinical course, and subsequent radiological 
appearance of the duodenal bulb. 

In a rather large and important group of 
cases there is conflict between the clinical 
and radiologic data. For example, the 
patient may have no history, or a very 


75-85 per cent 


CORRELATION OF CLINICAL AND RADIOLOGICAL DATA IN DIAGNOSIS OF ULCER 


Value of Signs 


Relative Questionable 


50-60 per cent 
No distress or , Ulcer type distress 
vague dis- 
tress 
Duodenal 
formity 


Dyspepsia sug- 
gestive of ulcer 


Fragmentation of de- | Normal duodenum 


cap 

Various defects, 
spasm, irrita- 
bility, etc. 


vague one, of dyspepsia, and yet show a 
constant duodenal deformity; or, con- 
versely, the patient may give a classical 
story of ulcer while the stomach and duo- 
denum appear normal radiologically. In 
this group of puzzling cases, all sorts of 
variations may be noted, in the clinical 
range of ‘‘no symptoms’’ to “‘those of ulcer’’ 
and in the radiologic range from ‘‘a normal 
stomach and duodenum”’ to a “‘constant 
deformity or niche.”’ 

Too often, in his effort to cover himself, 
the radiologist will report changes in the 
mucosa of the stomach or duodenum which 
could or could not be interpreted to mean 
ulcer. These changes include edema of the 
mucosal folds, irregularity of the folds, 
or a “drop” of barium pent up between 
them. While such findings should be ac- 
curately recorded, too often they are inter- 
preted by the radiologist as perhaps those 
of ulcer or they are looked upon by the 
clinician and even by the patient as sig- 
nificant of disease. When radiologic find- 
ings of an indefinite nature are made, the 
clinical findings and the results of subse- 
quent radiologic examinations should be 
given most weight. 

How is such a situation to be resolved 
for the clinician and his patient? The 
only courses open are: (1) further roent 
genologic study by the same or another 
radiologist; (2) observation of the patient 
under treatment, with subsequent radio 
logic examination; (3) gastroscopy in case 
of a suspected lesion in the stomach; (4) 
operation, 

Further Radiologic Study: At times it is 
unfortunate that in cases of peptic ulcer 
the clinical data are based largely on the 
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history and are therefore subjective while 
the radiological data are chiefly objective. 
When there is disagreement between the 
two physicians, patients, relatives, insur- 
ance companies, government agencies, and 
the courts are apt to overemphasize the 
importance of x-ray films—and particularly 
a typewritten report signed by a radiolo- 
gist—in contrast to the subjective data of 
the clinician, which lacks “proof.” 

As a clinician, it occurs to me that when 
the patient has a story which suggests 
ulcer and the radiologist reports normal 
findings, the logical thing to do is to repeat 
the radiological examination immediately 
and/or after an interval of several weeks. 
Too often radiologists are sensitive about 
being asked to repeat examinations. Such 
a radiologist has not learned to accept 
what clinicians long since have accepted 
as essential to establishing a diagnosis in a 
difficult case—namely, repeated examina- 
tions, as of the heart, of a questionable 
abdominal mass, or an unusual cutaneous 
lesion. Furthermore, it would be most 
helpful if such immediate “‘repeat examina- 
tions’’ were considered part of a radiologic 
consultation and not charged for at full 
rates. Finally, we should not so fre- 
quently neglect, in a difficult case, to ask 
another radiologist to examine the patient 
in consultation. Such practice would not 
only lead to better diagnosis but it would 
help further to develop the attitude that a 
radiologist is a physician, consulting on a 
patient and expressing an opinion, not 
merely a technician whose report is to be 
accepted blindly like the laboratory report 
of a urinalysis or blood count. 

Observation of the Patient Under Treat- 
ment, with Subsequent Radiologic Examina- 
tion: If further radiologic study and con- 
sultation do not confirm the clinical sus- 
picion of peptic ulcer and the patient’s 
history is very suggestive of that diagnosis, 
the sensible course is to observe the results 
of a therapeutic trial and subsequent radio- 
logic examination. Careful consideration 
should be given not only to relief of ulcer 
symptoms but also to the persistence or 
development of others, such as anorexia, 
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abdominal pain, diarrhea, and loss of 
strength or weight, to changes on physical 
examination, including abdominal tender- 
ness and masses, and to laboratory data 
which indicate anemia, achlorhydria, and 
gastric retention. If symptoms persist 
or if new symptoms or changes in physical 
findings occur, further roentgenologic study 
of the stomach and duodenum is indicated 
in from four to six weeks. Further radio- 
logic examination is also indicated if 
symptoms recur following discontinuance 
of a therapeutic program. 

Gastroscopy: Gastroscopy may be help- 
ful in establishing a diagnosis of ulcer in 
the stomach in certain cases in which there 
are symptoms suggesting ulcer, in patients 
with asymptomless bleeding, and in sus- 
pected lesions in the stomach or lesions 
the nature of which is uncertain on radio- 
logical examination. 

Operation: In the event that repeated 
radiologic examination proves negative in a 
patient with a clinical history strongly 
suggestive of ulcer, indications for opera- 
tion are similar to those in cases in which 
an ulcer is known to be present. That is, 
if pain is intractable, bleeding continues, 
or evidence of obstruction persists, there 
should be no hesitation in advising opera- 
tion even though the radiological examina- 
tion gives negative results. 

Cases in Which the Radiological Examina- 
tion Indicates Ulcer But the Clinical Data 
Are Negative: Not uncommonly radiol- 
ogists report the presence of gastric or 
duodenal deformity, spasm, irritability, or 
even a niche in a patient without apparent 
clinical evidence of ulcer. These findings 
are perhaps most frequent when vague 
abdominal pain or symptoms are present, 
or when the radiological examination is 
done for purposes of reassuring the patient, 
and occasionally the physician, that every- 
thing is all right. 

How much attention is to be paid to such 
a report? A great deal depends on the 
nature of the finding, which, in such cir- 
cumstances, should always be confirmed 
by repeated examinations. If a definite 
crater is visible, the likelihood of an active 
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ulcer is strong. Much less significance, 
naturally, would be attached to such find- 
ings as constant deformity of the duodenal 
bulb, or irritability, spasm, edema, or 
alteration in the mucosal folds. These 
may simply represent scarring from a pre- 
vious ulcer. In his evaluation, the clini- 
cian would be influenced considerably by 
such factors as his previous experience 
with the radiologist reporting the finding, 
the presence of symptoms and their nature, 
the location of the “‘lesion’’ in the stomach 
or duodenum, accessory findings, such as 
those of gastric analysis, and evidence of 
disease in other organs. 

Certainly most careful study should be 
made of apparent abnormalities in the 
stomach, and full attention be paid to 
gastroscopy, gastric analysis, and other 
methods of examination. The wisest 
course would seem to be to ignore minimal 
findings in the duodenum unaccompanied 
by clinical symptoms and to attempt a 
therapeutic trial, followed by re-examina- 
tion in four to six weeks, in patients with 
more striking change in the absence of 
symptoms. In the absence of an apparent 
gastric lesion or a niche in the duodenum, 
the clinician should not be too readily 
swayed by radiologic findings if symptoms 
be absent. 


EVIDENCE OF HEALING OF AN ULCER 
(Table IIT) 


Clinical Evidence: Can it be reliably 
determined clinically that an ulcer is healed 
or active? The strong tendency of ulcers 
to heal and to recur complicate this whole 
problem and have led some clinicians to 
the view that the ulcer itself—at least in 
the case of duodenal ulcer—may not be of 
great importance except as it produces 
complications. According to Bloomfield 
(1) it is of less than prime clinical impor- 
tance to decide whether a deformed bulb 
means active or healed ulcer, since such 
a “healed” lesion is very likely to show 
activity time and again in the future. 
From the standpoint of ‘‘disposition”’ of a 
case in military service, or of determining 
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TABLE III: CrireRIA OF HEALING OF PEpTic ULCER 





Type of 
Examination 


Clinical 


For Healing For Activity 


Persistence of 
symptoms or 
bleeding 


None 
Absence of symp- 
toms for 6-12 
months? 
Disappearance 
of niche 
2. Diminution or 
clearance of 
spasm, re- 
tention, de- 
formity, ir- 
ritability 
(suggestive 
only ) 
Disappearance of 
crater 


Persistence of 
niche 


Radiologic 1. 


Persistence of 
crater 


Gastroscopic 


compensation in the case of a veteran or 
other civilian, it may, however, be impor- 
tant to decide whether at a particular time 
an ulcer is healed or active. 

Clinical evidence for healing is almost 
completely lacking. It goes without say- 
ing that an active ulcer may not produce 
symptoms, particularly if the patient has 
been placed on medical treatment. Con- 
sequently, lack of symptoms is not a crite- 
rion for healing. Perhaps the only reason- 
able statement which can be made is that 
if a patient with known previous ulcer has 
gone for a period of one year without 
treatment and without symptoms of ulcer 
or bleeding, healing has occurred. On 
clinical grounds alone, this statement can- 
not be proved and, for ordinary purposes, 
it is useless without radiologic evidence to 
substantiate it. 

The disappearance of occult blood from 
the stool or its absence is not satisfactory 
evidence of healing or of healed ulcer. In 
the case of gastric ulcer, gastroscopic exami- 
nation may be helpful in determining 
whether healing has occurred if the lesion 
is in an area which can be directly ob- 
served. Actually the clinician can more ac- 
curately determine activity of an ulcer 
than he can its healing, for continuance of 
symptoms, particularly if bleeding is pres- 
ent, indicates activity. 

Radiologic Evidence: How accurately 
can the radiologist determine the healing 
of an ulcer and what criteria can be used to 
determine healing? 
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In the case of gastric ulcer, the radiolo- 
gist can usually determine healing very 
accurately by observing disappearance of 
the niche. Only occasionally will the 
gastroscopist find an active gastric ulcer 
when the radiologist reports it to be 
healed, although not infrequently the 
gastroscopist will find an ulcer incompletely 
healed when the niche is no longer visible on 
radiologic examination. 

For duodenal ulcer the radiologic evi- 
dence of healing is less convincing. Dis- 
appearance of a niche in the duodenal 
bulb may be considered as evidence of 
healing, and it has been so used in studies 
such as those of Cummins, Grossman and 
Ivy (3) on the “healing’’ time of ulcer. 
If, in addition to disappearance of the 
niche, there is disappearance of the duo- 
denal deformity, the radiologic criteria for 
healing are complete and convincing (Gar- 
land, 7). However, Feldman (6) has cor- 


rectly pointed out that disappearance of the 
niche cannot always be relied on as a sign 


of complete healing. Other observers, 
such as Jordan (9), consider fluoroscopy 
the best aid in distinguishing active from 
quiescent ulcer, since rapid filling and 
emptying and spasm (of the bulb) are so 
characteristic of the active phase. 

During the war, extensive and frequent 
radiologic examinations of young men with 
duodenal ulcers of short duration indicated 
very definitely that complete restitution 
of the duodenal cap to normal may occur 
following treatment. This observation is 
in conflict with the often expressed view 
that once a duodenal ulcer has been present 
the bulb never again becomes smooth or 
normal in contour. 

Weir (11) well expressed the average 
clinician's view of the radiologist’s capacity 
to determine healing of duodenal ulcer 
when he stated: ‘“‘However, because roent- 
genologic diagnosis of duodenal ulcer de- 
pends on the persistent deformity of the 
cap, craters are demonstrable in only 20 
to 40 per cent of cases, and because this 
deformity usually persists after healing, 
there remains no satisfactory roentgeno- 
logic finding by which the activity, inactiv- 
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ity, or healing state of duodenal ulcer 
can be determined.” Similarly Garland 
(7) has indicated, in summary, that ip 
average circumstances the reliability of 
X-ray examination in determining healing 
of duodenal ulcer is probably only 59 
per cent. 

Consequently, it seems reasonable to 
conclude that when, in a case of duodenal 
ulcer, a once visible crater disappears 
following therapy and the patient becomes 
free of symptoms, healing has occurred, 
If, in addition, the duodenum has again 
become normal, the evidence is even 
better. Many clinicians in such cases 
would be skeptical of the original roentgen 
findings and diagnosis. In the absence 
of a crater, the radiologist can produce al- 
most no evidence of the healed or active 
state of an ulcer in the duodenum. 

Information Which the Clinician Expects 


from the Radiologist: In the diagnosis of 


peptic ulcer, the clinician always feels 
most satisfied when the clinical and radio- 
logic data are in agreement. Therefore, 
in the patient suspected of having an ulcer, 
the clinician expects information (1) as to 
the presence or absence of ulcer; (2) as to 
whether or not the ulcer is healed or active; 
(3) as to the location of the ulcer—gastric, 
duodenal, or jejunal; (4) as to the presence 
or absence of obstruction, and, if gastric 
retention is present, whether it is due to 
actual obstruction, spasm, edema or scar 
tissue or to gastric atony; (5) as to the size 
of the ulcer; (6) as to its shallow or pene- 
trating character; (7) in the case of a 
gastric lesion whether or not it is malignant. 


CLINICAL INTERPRETATION 
OF RADIOLOGIC STUDIES OF THE 
UPPER GASTRO-INTESTINAL TRACT 

How much attention does the clinician 
practising internal medicine pay to radio- 
logic studies of the upper gastro-intestinal 
tract and why does he have such studies 
made? 

In an effort to come to some opinion 
regarding this matter, a review has beet 
made of 200 consecutive cases in which 
such studies were done by radiologists for 
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a group of physicians practising together 
in the same office. No conclusions can be 
drawn from such a study, as the series is 
small, and in only a few cases was either 
the clinical or the radiological diagnosis 
actually confirmed by anatomic or patho- 
logic study of the stomach and duodenum. 
The results, recorded in Tables IV and V, 
are striking and require some explanation. 


TaBLE IV: Upper GASTRO-INTESTINAL RADIOLOGIC 
Srupres iN 200 CoNsEcUTIVE CASES: ANALYSIS OF 
CLINICAL INDICATIONS FOR RADIOLOGIC STUDY 








PN, kecmdenndseodwwrs 
Dyspepsia 

Vague abdominal symptoms 
Reassurance to patient 

Other 


TOTAL.. 200 





In 4 cases the radiologic diagnosis of 
gastric ulcer was not concurred in by the 
clinician in his final diagnosis because the 
clinical evidence of ulcer was insufficient 
and he did not consider the radiologic 
findings convincing. The final outcome 
in these 4 cases is not known. In 4 cases 
the radiologist’s diagnosis of gastric ulcer 
was accepted. In 11 cases in which the 
radiologist reported finding a duodenal 
ulcer the clinician did not accept the 
diagnosis because of insufficient clinical 
evidence in 8, lack of free hydrochloric acid 
in the gastric juice (after stimulation with 
histamine) in 1, and for unknown reasons 
in 2 cases. 

In 3 cases in which a final diagnosis of 
carcinoma of the stomach was made the 
radiologic diagnosis of carcinoma was 
definite in one case only. In a second case 
the radiologic diagnosis was ‘‘probably 
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scarring on lesser curvature (healed ul- 
cer?),’’ the preoperative clinical diagnosis 
was questionable neoplasm of the stomach, 
and operation revealed an inoperable car- 
cinoma of linitis plastica type. In a third 
case, that of a woman of thirty-eight with a 
brief history typical of ulcer, the original 
radiologic study revealed irregularity and 
swelling of the mucosal folds in the duo- 
denal bulb, without evidence of an ulcer 
crater. Fifteen months later two radio- 
logical studies within a ten-day period 
revealed gastric retention and _ pyloric 
obstruction apparently due to spasm. A 
month later pyloric obstruction persisted 
and the radiologist reported “‘may be 
ulcer, neoplasm to be strongly considered.” 
Free hydrochloric acid of well over 100 
clinical units was present, a clinical diag- 
nosis of duodenal ulcer with obstruction 
was made, and at operation an ulcer crater 
in the stomach was found, at the base of 
which evidence of carcinoma was disclosed 
by microscopic study (lymph nodes were 
involved also). 

It is interesting to note what interpreta- 
tion the clinician placed on the radiologist’s 
report of “irritability” or inflammatory 
changes in the stomach or duodenum 
(usually the latter) (Table IV, 32 cases). 
A final clinical diagnosis of gastric and 
duodenal ulcer was not made in any of 
these cases; carcinoma of the stomach was 
diagnosed in 2 cases, ‘‘functional’’ gastro- 
intestinal diseases in 14 cases, anxiety 
tension states in 9 cases, and other non- 
gastro-intestinal disease in 7 cases. It is 
worthy of comment that in about half the 
cases referred for radiologic study the roent- 
genologist reported normal findings. 


TABLE V: Upper GASTRO-INTESTINAL RADIOLOGICAL STUDIES IN 200 CONSECUTIVE CLINICAL CASES 


Radiological Diagnosis 


Gastric ulcer 

Duodenal ulcer 

Tumor of stomach 

“Irritability” or inflammatory changes 

Other (including varices, hernia, duodenal 
polyp, subtotal gastric resection, etc.) 

Normal 


TOTAL... 


Final Clinical Diagnosis 


Gastric ulcer 

Duodenal ulcer. 

Carcinoma of stomach. 

“Functional” gastro-intestinal tract disease 
Anxiety — Nervous exhaustion 


Other gastro-intestinal tract diagnoses 


Porat 
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TABLE VI: 


Gastric 
Ulcer 


Ulcer story 24 
“Dyspepsia” 5 2 rj 
Vague gastro-intestinal 
symptoms 8 
Reassurance 6 0 1 
Other a 0 3 


9 


It is of some interest to note the clinical 
indications which led the internist to re- 
quest radiologic study in these 200 cases 
(Table V). Under ‘dyspepsia’ are in- 
cluded patients complaining of “‘gas,’’ upper 
abdominal discomfort or distress, belching, 
heartburn, nausea or vomiting related to 
eating but without the features of an 
“ulcer story’ previously noted. ‘Vague 
abdominal symptoms’”’ include abdominal 
complaints not clearly related to ingestion 
of food; this group, however, cannot be 
sharply separated from the group with 
dyspepsia. The term “‘other’’ covers pa- 
tients with complaints or previous findings 
of ‘‘gas,”’ diarrhea, constipation, anemia, 
hiatal hernia, black stools, achlorhydria, 
motion sickness, migraine, and so forth. 
The results of radiological studies in these 
various groups of patients are noted in 
Table VI. 

The observations which can be made 
from this small series of cases are that the 
radiologist made the diagnosis of gastric 
and duodenal ulcer more frequently than 
the clinician was willing to accept it; that 
when the radiologist reported irritability 
or inflammatory change in the stomach or 
duodenum, a diagnosis of ulcer was not 
made clinically in a single instance, and 
that when a clinical history typical of ulcer 
was present the radiologist made a diagno- 
sis of gastric or duodenal ulcer in 28 of 41 
cases and reported findings of a normal 
stomach and duodenum in only 3. While 
these observations are interesting, no final 
conclusions can be drawn from them in 
view of the selective character of the cases 
and, as pointed out above, the lack of 
anatomic diagnoses. 

Certainly closer co-operation is needed 


Duodenal 
Ulcer 
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RADIOLOGIC DIAGNOSES IN 200 CASES CLASSIFIED ACCORDING TO CLINICAL INDICATIONS FOR 
RADIOLOGIC STUDY 


Radiologic Diagnoses 


Irritability or 
Inflammatory | Other 


Carcinoma 
Stomach 


1 7 2 


0 9 6 
0 10 2 
0 0 0 
0 0 5 


between radiologist and clinician in the 
study of patients in whom there is a dis- 
crepancy in findings, and further studies 
should be carried out. 


SUMMARY 


The clinical diagnosis of peptic ulcer 
depends upon the history given by the 
patient. The so-called “typical history” 
is present and is diagnostically accurate in 
80 to 95 per cent of all cases. In others 
there may be an “‘atypical’’ story, the 
symptoms may be due to complications, 
or there may be pain or vomiting of the 
crisis type. 

Radiologic diagnosis, which is said to 
be 95 per cent accurate, depends largely 
on demonstration of a gastric or duodenal 
niche or constant deformity of the duo- 
denum. 

When there is a discrepancy between 
the clinical and radiologic findings the 
clinician will be influenced in his diagnosis 
by such factors as: (1) the character of 
the patient’s complaints and their resem- 
blance to the symptoms of ulcer; (2) 
the certainty of his clinical impression of 
ulcer; (3) his past experience as to the 
accuracy of reports from the radiologist 
who examined the patient; (4) the pres- 
ence of other evidence of organic disease; 
(5) the results of subsequent clinical and 
radiologic observations of the patient. 

There is no satisfactory clinical evidence 
of healing of an ulcer. Persistence of 
symptoms probably means activity of the 
lesion, but the reverse does not hold. 
Radiologic evidence for healing is unsat- 
isfactory, also, although disappearance of 
the niche and the occasional return of the 
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duodenal bulb to normal probably indicate 
healing. 

Interesting but inconclusive observa- 
tions were made in correlating the findings 
in 200 consecutive cases in which clinical 
and radiologic studies of the upper gastro- 
intestinal tract were done. 

655 Sutter St. ; 
San Francisco 2, Calif. 
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SUMARIO 


Ulcera Péptica: Modernas Pautas para su Diagndstico y para Tratar de Diagnosticar 
su Curacion 


El diagnéstico clinico de la ilcera péptica 
se basa en los antecedentes comunicados 
por el enfermo, pues hay presente la 
llamada ‘‘tipica historia,’’ que resulta 
diagnésticamente exacta en 80 a 95 por 
ciento de todos los casos. In otros, la 
historia puede ser ‘‘atipica,’’ los sintomas 
pueden deberse a complicaciones, 0 puede 
haber dolor o vémitos del tipo critico. 

El diagnéstico radiolégico, que pasa por 
alcanzar una exactitud de 95 por ciento, se 
basa en gran parte en el hallazgo de un 
nicho gAstrico o duodenal o de deformidad 
constante del duodeno. 

Si discrepan los hallazgos clinicos y 
radiolégicos, el clinico considerarA en su 
diagnéstico factores tales como: (/) natu- 
raleza de los sintomas y semejanza a los 
producidos por dilcera; (2) certeza de su 
impresién clinica de filcera; (3) exactitud 
de los informes suministrados en el pasado 


por el radidlogo que examin6 al paciente; 
4) presencia de otros signos de afeccién 
organica; (5) resultados de las subsiguien- 
tes observaciones clinicas y radiolégicas del 
enfermo. 

No hay signos clinicos satisfactorios de 
la cicatrizaci6n de una ftlcera. La per- 
sistencia de los sintomas denota probable- 
mente actividad de la lesién, pero lo con- 
trario no es siempre cierto. Los datos 
radiolégicos de cicatrizacién tampoco son 
satisfactorios, aunque probablemente la 
indican la desaparicién del nicho y el re- 
torno ocasional del bulbo duodenal a lo 
normal. 

Fueron interesantes, pero no termi- 
nantes, las observaciones realizadas al corre- 
lacionar los hallazgos en 200 casos consecu- 
tivos en los que se ejecutaron estudios 
clinicos y radiolégicos de la porcién superior 
del tracto gastrointestinal. 


(For discussion of papers in preceding symposium on Peptic Ulcer, see following page) 
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DISCUSSION 


(Papers by Templeton; Harris; Morgan; Dailey; Wilbur and Watts) 


Merrill C. Sosman, M.D. (Boston, Mass.): 
It has been a pleasure to be here and listen to this 
Symposium. There does seem to be a little con- 
troversy—Templeton vs. Harris—but I believe 
that can be resolved historically. In my thirty 
years of experience, I think that the stages of 
gastro-intestinal examination can be laid out 
pretty definitely. Originally, it was mostly by 
films alone, as exemplified particularly by Lewis 
Gregory Cole of New York. The second stage 
was fluoroscopy, represented by Russell Carman 
and popularized by him, employed at times, un- 
fortunateiy, in some clinics, without any films at 
all. The third stage (which most of us are in at 
the moment) is the use of fluoroscopy to locate the 
condition and spot films to identify it, and I think 
that Dr. Templeton was advocating that we go 
into the fourth stage—that of making routine spot 
films in all parts of the gastro-intestinal tract 
under examination, in addition to the regular 
films and the complete fluoroscopic study. If 
that is true, Dr. Templeton, I would like you to tell 
us exactly what you want us to do in the way of 
more numerous spot films and examinations. Are 
you going to take these for every patient, or only 
for those who have a positive history or some evi- 
dence of definite disease? Are you going to take 
them in a partly filled stomach? In an up- 
right, prone, supine, or lateral position? It would 
make a tremendous amount of work out of one 
single examination if you wanted to do it thor- 
oughly. I would like a detailed plan of what you 
recommend. 

I think that most of us modify our examina- 
tions, depending either on the patient's symptoms, 
on the history (which is either sent to us with the 
patient or which we must take ourselves), or, 
finally, on what we see during fluoroscopy. We 
cannot repeat exactly the same examination in 
each individual case. We have to modify it de- 
pending on what we hear, or what we suspect, or 
what we see. 

Now, for the second paper—Harris vs. Temple- 
ton. I think that Dr. Harris has an excellent 
technic in fluoroscopy, but it is absolutely impos- 
sible to tell how many cases he has missed. He 
does not have the spot films to show us and prove 
to us that lesions were absent in those individual 
cases. Unless every one of those cases was also 
examined by Dr. Templeton, using the spot-film 
technic, and all of Dr. Templeton’s cases were re 
examined by Dr. Harris without spot films, I 
don’t know where we stand. I would like to have 
those two get up and fight it out together 

The determination of activity in duodenal ulcer 
by the spot-film technic is impossible, I think, in 
15 to 20 per cent of the individuals; either the 


duodenal cap is too high above the rib margin, or 
it is difficult to get satisfactory compression, or the 
abdominal wall is too thick and muscular for ade. 
quate study. Therefore, there would be a group 
of patients—15 to 20 per cent—in whom a dyo- 
denal ulcer could not be ruled out, because, in cer. 
tain individuals, there is an active duodenal ulcer 
with no deformity of the bulb. In my experience, 
that occurs almost entirely in young people witha 
short history of gastro-intestinal disability, and 
this history is often typical, as Dr. Wilbur has 
said. When those ulcers heal, they are apt to heal 
entirely. They have no deformity to start with, 
so the ulcer will disappear and the cap will be per- 
fectly normal unless there is a recurrent ulcer. 

Another point, Dr. Harris, is your mention of 
antispasmodics. That seems to be in all the 
books. Iam afraid that it is even in Dr. Temple- 
ton’s book. From my own experience, I think 
that the use of antispasmodics is a lot of hooey. 
I don’t believe that they do a single bit of good. 
I have not seen any evidence of a patient being 
helped by them. I get much more benefit from 
simple re-examination of the patient fifteen min- 
utes after he has relaxed in the waiting room while 
I am examining another patient. I think that is 
much more beneficial than a barrel full of anti 
spasmodics. 

Dr. Morgan has presented a beautiful paper, 
but one certainly needs to read it in detail and 
study it carefully in order to appreciate it thor- 
oughly. Here are facts—not just opinions. I 
certainly would agree that an automatic timer 
which records the duration of fluoroscopy should 
be an essential part of every fluoroscope and that 
the time of fluoroscopy should be recorded on the 
patient’s chart. We all agree that a small aper- 
ture—just enough to see the part that we are 
looking at—isimportant. The new bright fluoro- 
scopic screen allows us to cut down the milliamper- 
age, which in turn reduces the radiation hazard to 
the patient and also to the observer. I am going 
right back home and put lead-rubber aprons on 
the edge of the screen, such as those used with the 
new, heavy, cumbersome fluoroscopes to which 
Dr. Harris objected. I am referring to the little 
flexible rubber apron which will cover up the area 
between the screen and the top of the table. 
This can be put at the end of the screen when we 
are doing horizontal fluoroscopy and can be swung 
to the bottom when we are doing upright fluores 
copy to cover that area between the screen itself 
and either the top of the apron or the top of the 
lead-backed chair. The amount of scattered 
radiation around the edge of the fluoroscope 
rather alarming. 

Dr. Morgan's facts as to visibility should re- 
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solve the argument between Dr. Harris and Dr. 
Templeton, as they are certainly in favor of 
multiple films taken in different positions and with 
different degrees of filling. I am very glad to see 
that the hazard from spot films is much exagger- 
ated. I know you all noticed the statement that 
one could take six spot films with only about a 
fifth of the exposure involved in five minutes of 
fluoroscopy. I have repeatedly told my residents 
that they cannot make a good diagnosis without 


good films. That is one of the first essentials, and 


good spot films certainly are essential in gastro- 


intestinal diagnosis. 

We agree entirely with Dr. Dailey that gastros- 
copy supplements x-ray examination and is not 
in competition with it. I am very glad to hear 
you express that point of view, Dr. Dailey. The 
gastroscopist can show superficial erosions and 
definite gastritis which we cannot diagnose either 
by fluoroscopy or by any number of films. It is 
also quite valuable in demonstrating the healing of 
an ulcer as well as in forming an opinion (not 
necessarily a fact) as to whether an ulcer is malig- 
nant or benign when we are in doubt following an 
x-ray examination. 

In my experience, practically every duodenal 
ulcer which is chronic is associated with thick, 
tortuous, gastric mucosal folds. I have been in 
the habit of calling these ‘‘gastritis,’’ but since 
we have had a good gastroscopist, I have realized 
my mistake. I am sure that, as Dr. Dailey has 
pointed out, they are purely edema of the mucosa. 
Therefore, we now limit the diagnosis of ‘‘gastri- 
tis” to those patients who not only have long, 
thick, tortuous rugae, but also evidence of hyper- 
secretion, and I think that the combination of big 
rugae and fluid comes out almost 90 or 95 per cent 
in accord with the gastroscopic findings. Usually 
patients with gastric hyperacidity show the same 
thick edematous mucosa, but in only a few cases 
is there enough actual inflammation to be called 
gastritis. On the whole, the size of the gastric 
rugae, to me, has been a pretty good index of the 
degree of hyperacidity; the higher the acidity, 
the greater the edema of the gastric mucosa. I 
would like to have Dr. Dailey and Dr. Wilbur 
comment on that if they will. 

Dr. Wilbur, unfortunately, did not have suffi- 
cient time to read his entire paper. However, the 
paper will be published, and I recommend that 
you read it in detail. It gives the clinician's idea 
as to what the radiologist should furnish him, 
My own experience in one year of consecutive 
gastro-intestinal examinations about 
1,500 cases showed that exactly one out of four 
patients had duodenal ulcers; 50 per cent of the 
patients with sufficient symptoms to justify an 
X-ray examination were entirely negative. Au 
topsy findings, with careful study of the duodenal 
bulb, have shown that 10 per cent of all people 
have duodenal ulcer. Therefore, in this audience 
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of approximately 500, there are 50 who either have 
had, have, or will have ulcer during their lifetime. 
One can sometimes tell by the discussion from 
the stage who has the ulcers. 

There is one thing that I would like to add to 
your paper, Dr. Wilbur, which may explain some 
of the discrepancy between the clinical symptoms 
and history and the x-ray findings. The fact is 
that the clinician is very prone to try an anti-ulcer 
diet on the patient for two or three weeks before 
referring him for x-ray examination, and in many 
such cases, I am sure that an ulcer will heal en- 
tirely in that time. This may be the cause of the 
discrepancy. I think that this practice is to be 
condemned, and I recommend that the radiologist 
ask the patient whether or not he has been on an 
ulcer diet before the x-ray examination. 

The question of repeated examinations is also 
quite important, and I feel that we should reduce 
the cost of a gastro-intestinal study as much as 
possible to make these more feasible. However, 
that is another problem and should not be brought 
up here. 

A third thing is this: Rumor has it that if a 
patient has chronic duodenal ulcer, he is exempt 
from the possibility of gastric carcinoma. I 
would like to put in one strong vote against that 
opinion, as I have often seen gastric carcinoma in 
a patient with the scar of an old duodenal ulcer. 

Another possible explanation for some of the 
discrepancy referred to by Dr. Wilbur, I believe, i 
the fact that older patients may have the scar of a 
previous ulcer which gave them plenty of symp- 
toms when they were voung, but, as the gastric 
acidity dropped with age, those symptoms dis- 
appeared. Yet one can still find the scar of the 
old ulcer. The patient, however, may have no 
ulcer symptoms at the time. 


Joseph C. Bell, M.D. (Chairman): Dr. Temple- 


ton, will you come forward and defend yourself? 


Dr. Templeton: Thank vou, Dr. Sosman, for 
your discussion. Your speaking of the fourth 
phase brought to mind the fourth dimension. It 
is pretty hard to define and clarify 

I didn’t have time to go into the technic of the 
gastro-intestinal examination. I shall leave that 
for my Refresher Course. 

There are some key films that one can take when 
no abnormality is recognized at fluoroscopy As 
a rule, these key films help in difficult situations 
Take one view as the barium enters the stomach 
Take one view of the gastric body after the pa 
tient has taken two ounces of barium, and while 
rhe amount of pressure 
rhere 


exerting light pressure. 
depends on the thickness of the abdomen 
should be just enough to bring out the folds 
Do the same thing with the antrum. In the aver 
age stomach, two or three spot views suffice to 
cover these parts if one uses quarters of 8 X 
10's. In the larger stomach, three or four views 
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are needed. After this, take radiographs of the 
filled-out and compressed duodenal bulb. 

Dr. Sosman raised a question regarding the 
short, heavy-set patient, in whom the lesion can- 
not be seen by fluoroscopy because the stomach is 
located beneath the ribs and cannot be com- 
pressed. When the abdomen is large, we turn the 
patient onto his abdomen, and then onto his back 
cocked toward the left side. The bulb is high. 
Air will run into it. In a large percentage of the 
cases one obtains a double contrast view of the 
bulb. Inthis way I have seen a number of ulcers 
which would not have been detected with the pa- 
tient standing. 

With the patient supine, films of the cardiac end 
filled with barium are made. With the patient 
turned toward his left side, the beam cuts on across 
the posterior wall and shows this segment. In 
all, eight exposures are made on two 8 X 10 films. 
This is the average number of exposures. 

Now, about antispasmodics. I am reminded 
of the radio quiz-master who quoted one of the 
participants, only to find that this man didn’t re- 
cognize what he had written. I think, however, 
that I did not advocate antispasmodics. I believe 
that any favorable effect obtained by their use is 
more or less psychologic in origin. When the pa- 
tient returns the second time he is more at ease, as 
he knows what is going to be done. I think that 
this changed mental attitude plays a major role in 
the success of the examination. 

Now I am going to ask questions about the 
small focal spot vs. the large spot. From a theo- 
retical standpoint, Dr. Morgan has shown that one 
can see more with the small than with the large 
spot. Of how much significance is this? Does it 
really help with fluoroscopy? Is the difference 
great enough to be of practical significance? 


Leo G. Rigler, M.D. (Minneapolis, Minn.): 
There is so much meat for discussion that it is 
quite difficult to restrain oneself. I might say 
that the fourth stage in gastro-intestinal examina- 
tion, of which Dr. Sosman spoke, was reached in 
Sweden about twenty years ago, where the fluoro 
scope was used for purposes of localization both as 
to the chest and the gastro-intestinal tract. One 
difficulty, however, is that you become so intent 
upon getting the patient in the proper position for 
the films that you are likely to lose sight of the 
primary examination, 1.e., the fluoroscopic exami- 
nation 

We have had rather a long experience in this 
respect, not with peptic ulcers, but with tumors, 
in which we have used fluoroscopy alone, fluoros 
copy with spot films, and with conventional 


radiographs made in a variety of positions, and 
my own feeling at the present time is that I 
wouldn't want to do without any of the three if 
I were trying to find small lesions, polyps, for 


example, 3 or 4 mm. in diameter. We thought 
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that we saw them under the fluoroscope, but we 
were not at all certain of it. However, we were 
able to confirm them by spot films. 

We know that we have missed carcinomas of 
1 cm. diameter in the most painstaking fluoro. 
scopic examinations, and we know that we have 
seen small tumors, measuring say 2 or 2.5 em. in 
diameter, by fluoroscopy, have demonstrated 
them by spot films, and then managed to eliminate 
them completely in conventional radiographs 
taken with both filled and empty stomach. 
A great part of the data on this question is based 
on the introduction of foreign bodies, but that js 
scarcely comparable. 

I feel very strongly at the present time that, at 
least for small tumors, we need all three media to 
arrive at a proper diagnosis. 

I was somewhat amazed at Dr. Wilbur's figures 
as to the discrepancy between the presence of 
ulcer, radiographically, and the history, because 
I don’t know of any good data which will support 
the thesis that a good history means that an ulcer 
is present. Asa matter of fact, I think that most 
autopsy studies indicate that the history is a very 
vulnerable criterion for the presence or the ab- 
sence of ulcer. I would certainly be reluctant to 
accept the idea that the history, regardless of how 
carefully it is gathered and how critically it is 
appraised, indicates definitely that an ulcer is or 
is not present, and that, therefore, it would invali- 
date, to any great degree, the roentgen findings 


Ross Golden, M.D. (New York): The officers 
of the Society and the essayists are to be 
greatly complimented. Dr. Templeton’s dis- 
cussion of the technic of examination of the 
stomach impresses me as most desirable. In 
George Holmes’ Caldwell Lecture in 1940, he 
expressed regret that the programs of our na- 
tional societies do not include discussions of the 
technic of x-ray examinations. It would be help- 
ful to all of us if the problem of the technic of 
gastric examinations could be dealt with as a 
round-table discussion which would last for an 
hour or two so that questions could be asked and 
suggestions could be made. 

I agree with Dr. Sosman that antispasmodies 
are not worth much. When a speaker mentions 
antispasmodics, he usually means atropine of 
some form of belladonna, as I understand it. If 
I am correctly informed, atropine can act on para- 
sympathetic nerve endings which are outside of 
the reactor cell. Because the nerve endings are 
within the smooth muscle cell, there would be 
little probability that atropine could affect the 
smooth muscle of the stomach. The physiologists 
believe (I may be wrong about this) that gastric 
peristalsis is stimulated by the parasympathetic 
and that the same stimulus tends to relax the 
pylorus, whereas sympathetic stimulation tends 
to cause the pylorus to contract. If this is correct, 
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it is not logical to give atropine, which blocks the 
parasympathetic, which is supposed to inhibit 
the sympathetic and, therefore, to relax the py- 


lorus. ; ; ; 
A number of French radiologists are now using 


injections of morphine as a stimulant to gastric 
peristalsis. This method, as far as I know, has 
been used very little, if at all, in this country and 
may be worthy of further investigation. 

With reference to the remark of Dr. Harris 
concerning the relative importance of fluoroscopy 
and films, I remember that in 1927 Hans Berg 
told me that he used fluoroscopy largely as a 
means for orienting his films. You will remember 
that Dr. Berg played an important part in the 
early development of the use of spot films. I was 
a little surprised to hear him make this remark 
because fluoroscopy meant more to me than a 
method of centering films. 

I find myself in disagreement with Dr. Morgan 
on the size of the fluoroscopic screen. I found 
that, during gastro-intestinal fluoroscopy, my 
field never exceeded 10 inches in any direction, 
but of course I never used a 10 X 10-inch field. 
Sometimes in studying the transverse or the de- 
scending colon, a long, narrow field is indicated. 
Frequently it is desirable to make an 8 X 10- 
inch spot film. I would be unhappy with a screen 
as small as he mentioned. Fluoroscopic inspection 
of the chest should be part of every gastro- 
intestinal study. It is desirable to have a screen 
large enough so that the two sides of the dia- 
phragm can be seen at once. 

In regard to protection, we now have available 
lead rubber aprons which come across the lower 
part of the neck and out over the shoulders and 
then down the sides. These new aprons give much 
better protection than anything we have pre- 
viously had available. 

The paper on gastroscopy was also very inter- 
esting. Like Dr. Sosman, I would compliment 
Dr. Dailey on his approach. The gastroscope, 
like the fluoroscope, is merely an instrument 
which is no better than the man who is using it. 
I would like to ask Dr. Dailey whether he has had 
occasion at any time to try gastroscopy with the 
patient in the erect position. 

In connection with Dr. Wilbur's paper, I 
would like to point out that any radiologist worth 
his salt is a clinician. He takes the opportunity 
during the fluoroscopic examination to ask the 
patient questions about the character and radia 
tion of pain and other symptoms. The figures 
presented by Dr. Wilbur do not agree with my 
impressions concerning the value of the clinical 
diagnosis of ulcer. My impressions have been 
gained from the examination of patients and from 
literally thousands of discussions with good clini 
cians about case problems. 

Thank you for this opportunity to make these 
comments. 


Dr. Bell. If there is no further discussion, I'll 
give Dr. Harris a chance to defend himself. 


Dr. Harris: I think that there is no question 
that in chest examinations, the detail that is re- 
vealed by the film is necessary and that flu- 
oroscopy is of minor importance. However, in 
gastro-intestinal disease, I believe that there is a 
group of clinics in this country who have used sur- 
gical means to confirm or disprove lesions, both 
negative and positive, demonstrated by fluoros- 
copy and have found it very accurate. That is, 
the fluoroscopic evidence has been very accurate 
in determining the presence or absence of disease 
in the stomach and duodenum. 

The question comes up, of course, as to the skill 
of the person using the instrument. I believe that 
those who can do fluoroscopy well, should use the 
fluoroscope ; those who need spot-film devices, 
should use them. I don’t wish to give the impres- 
sion that we don’t use spot films and don't use 
routine positions, because we do, but we depend 
on the fluoroscope, primarily, for the diagnosis. 

The duration of the fluoroscopic examination is 
also important, as Dr. Morgan has said. It 
should not exceed five minutes for the ordinary 
complicated case and probably only one to two 
minutes for the uncomplicated case. 

As to the question of antispasmodics, we got 
into that, too. By that I mean the use of anti- 
spasmodics in differentiating a spasm of the an- 
trum from an antral carcinoma. However, those 
cases are rare. I believe that antispasmodics are 
indicated. Certainly the question of antral 
spasm resolves itself into something other than re- 
laxing the patient for five, ten, or twenty minutes, 
or seeing him the next day. 


Dr. Bell: Thank you, Dr. Harris. Dr. Morgan, 
do you have anything to say? 


Dr. Morgan: Dr. Templeton raised the ques- 
tion of the practical advantage of the small focal 
spot in fluoroscopy. I should like to say at the 
outset that the data which you saw on the screen 
this afternoon were not mathematically calcu- 
lated data but were derived from physiological ex 
periments, the nature of which we do not have 
time to go into this afternoon. However, they 
were based on experiments that closely simulate 
fluoroscopic conditions, and I believe that the 
curves that vou saw actually represent what you 
may expect when performing fluoroscopic exami 
nations of the gastro-intestinal tract on average 
patients Now, vou will notice within those 
curves that the difference between the small focal 
spot and the large focal spot ts particularly 
marked in the objects of high contrast, and I 
think that it is rather significant that the images 
which you see fluoroscopically of the gastro 
intestinal tract are images in which the contrast is 
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approaching 100 per cent. Although at one time 
I was a little skeptical about the difference in 
small and large focal spots, the experimental 
studies indicate that there is a difference. 

You will notice that the size of the object in 
abdominal fluoroscopy at 100 per cent contrast 
has to be about twice as large for visualization 
when the focal spot is very large and the object is 
about 10 cm. away from the screen than when the 
focal spot is of the order of 1 mm. Not infre- 
quently that is going to be the difference between 
picking up a small crater and missing it, and I cer- 
tainly think that one should avail himself of the 
best possible apparatus, particularly when pres- 
ent-day equipment makes it easy to obtain 
fluoroscopic tubes of small focal-spot size just as 
readily as ones with large focal-spot areas. 

Dr. Golden raised two questions. One question 
concerned the size of the screen. We happen to be 
using an 8 X 10 screen at the present time, al- 
though much of our fluoroscopy is done with one 
of about half that area. I believe that much of the 
feeling regarding the size of fluoroscopic fields is a 
matter of personal preference. It is rather in- 
teresting to relate one story which I remember 
from my days at the University of Chicago. 

There we had a screen with an area of approxi 
mately 28 square inches, but it was possible to 
hang a regular 12 X 16-in. screen on the fluoro- 
scope with practically no difficulty. It was never 
a problem of having to unscrew a number of 
gadgets and go through a lot of other difficult 
procedures. Well, for the first few days after that 
fluoroscope went into operation, it was common 
practice for the fluoroscopists (and that included 
every member of the group there) to fluoroscope 
chests with the large screen and then to lift it off 
and use the smaller screen for other examinations, 
such as studies of the gastro-intestinal tract. It 
was rather significant, I believe, that within about 
one or two weeks the large screen was discarded 
entirely for chest fluoroscopy and has not been 
used since. That was back in 1938, and the radi- 
ologists there have not felt the need of a large 
screen following their education in the use of the 
smaller one. 

Dr. Sosman raised a question about protec- 
tion in fluoroscopy and the new aprons. As he 
so admirably brought out, it begins to look as 
though the danger areas of fluoroscopy can 
probably be taken care of by lead aprons that can 
be hung on the screen. Suitable small aprons 
draped about the screen can probably supplant 
much of the present heavy paraphernalia, and I 
hope that our future studies will bear this out. 
Certainly it would be a great boon to every radi- 
Ologist if he could do away with the cumbersome 
apron that he now has to put on, when so much of 
the scattered radiation that comes out of the 
fluoroscope is concentrated in such a small area. 
I hope that by this time next year we can report 


some progress in that direction. At least that js 
the direction in which we shall be working. 


Dr. Bell: Dr. Dailey next, please. 


Dr. Dailey: I certainly agree with Dr. Sosman’s 
comments that there is no competition between 
roentgenology and gastroscopy. In fact, the 
opposite point of view, although sometimes ex. 
pressed or implied, is quite ridiculous, because the 
radiologist is the one who has paved the way for 
the examination of the gastroscopist and, thus, 
the cards are all stacked in the latter's favor. 

In our last 400 patients, we found only 3 ulcers 
not suspected radiographically, and these were 
high behind the ribs so that palpation was not 
possible. As far as the large rugae are concerned, 
I do agree with Dr. Sosman as to their correlation 
with the acidity of the gastric secretion. In any 
event, it is obvious that to call such a hyperemic 
mucosa a gastritis is as inappropriate as to say 
that a man has a dermatitis when he has a red, 
sweaty forehead from working in the hay field. 

Dr. Golden asked if we had examined patients 
while they vere sitting down. Some have done 
that purely voth the idea of trying to visualize the 
pylorus more satisfactorily. We have done our 
examinations along the conventional lines. 


Dr. Wilbur: One would anticipate, of course, 
that a clinician would be taken for a ride by a 
group of radiologists, but I have a few answers for 
some of the problems which have been brought up. 

Dr. Sosman suggested, I believe very wisely, 
that patients who have symptoms of indigestion 
should be radiologically examined immediately 
and not after two or three weeks of treatment. 
However, I must say that I do not believe that two 
or three weeks of treatment would make much 
difference in the results of the examination, be- 
cause gastric and duodenal ulcers, as a rule, will 
not heal in that period of time. Recently Cum- 
mings, Grossman, and Ivy in studies on the heal- 
ing time of gastric and duodenal ulcers, as shown 
by radiological disappearance of the crater, found 
that the average time of healing of a duodenal ulcer 
in a group of young men in the Army was approxi- 
mately forty-two days. Their experience is in 
agreement with that of other clinicians. 

The incidence of carcinoma of the stomach im 
patients with active duodenal ulcer is a very im- 
portant problem. I hope that those of you who 
are working in hospitals with large services will 
tabulate data on this subject. Some years ago, 
Dr. Rivers and I reviewed this problem and came 
to the conclusion, although we could not prove it, 
that carcinoma of the stomach did not commonly 
occur in patients who had an active duodenal 
ulcer. The type of mucosa which is present in the 
stomach of patients with active duodenal ulcer 
probably not the type of mucosa which is suitable 
soil for the development of carcinoma. That 
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is not a proved fact, however, and I think that 


additional data are needed. 

Repeated examinations are extremely im- 
portant, particularly in those patients whom one 
sees in private practice, and on whom it is not so 
easy to obtain frequent repeated examinations or 
follow-up over long periods of time. As far as 
antispasmodics are concerned, I agree with the 
majority of the previous speakers. Recently, Dr. 
Bargen and his associates have shown that, so far 
as the small bowel and colon are concerned, no 
antispasmodic, either of the atropine-belladonna 
series or the synthetic variety, has ordinarily any 
effect on the musculature of the bowel. 

Dr. Golden brought up some interesting prob- 
lems that I would like to discuss briefly. He 
mentioned particularly the fact that radiologists 
commonly ask patients about symptoms, and 
I've heard a few comments here and there about 
examinations which last one or two or five min- 
utes. Again, I think that it is a matter of great 
importance who takes the patient's history. 
Duodenal ulcer is one of those conditions where, 
frequently, one can make the diagnosis in the first 
twenty-five words of history taking. Neverthe- 
less, there are many patients who have a duodenal 
or gastric ulcer on whom one cannot make the 
clinical diagnosis on the basis of the history taken 
in just a few minutes. It is quite true, of course, 
that there are lesions other than ulcer which will 
produce the so-called ulcer story: carcinoma of 
the stomach, gallbladder disease, carcinoma of the 
pancreas, hookworm disease, etc. However, the 
clinician will usually find sufficient evidence of 
these other diseases to put him on guard so far 
as a diagnosis of ulcer is concerned. 

I might also add, since there seems to be some 
question as to the relative value of fluoroscopy 
and spot-film examination, that I think the 
clinician should have his chance to say a word. 
There is often a disagreement between the 
clinician and the radiologist following their respec- 
tive examinations. Under these circumstances, 
an accurately taken history and repeated radi- 
ological examinations are very important. You 
will recall that my figures showed that in 14 
patients for whom x-ray examination was done 
because of an ‘“‘ulcer” history, there were only 3 in 
whom the radiologist reported normal findings. I 
think that fits in pretty well with what I have just 
said. 

Another important point that all of us are apt to 
forget is this. When you, as radiologists, make 
a diagnosis of ulcer, you feel absolutely certain 
that an ulcer is present; so do I when I take a 
history of a patient and find a typical ulcer story 
and nothing else. I feel just as sure as you do that 
the patient has an ulcer, and yet there is rarely 
any anatomical evidence that either of us is 
correct. Even the surgeon, when he operates, 
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may find slight scarring, but he rarely opens the 
duodenum, or even when he does, it is sometimes 
difficult for him to tell whether or not an ulcer is 
present. Unless one has some definite anatomic 
evidence for it, I think that we should not accept a 
radiological diagnosis of evidence of ulcer as 
absolute. Of course, I am vulnerable in exactly 
the same way, and you can say that one should 
not absolutely accept a clinical history as evidence 
of ulcer either. 

The point was raised that 10 per cent of all 
individuals have duodenal or gastric ulcers some 
time during their lives; that, of course, is 
It explains the fact that in a number of in 
stances the radiologist finds evidence in the duo 
denum which leads him to suspect ulcer which the 
clinician will not accept because he is unable to 
get a story of ulcer symptoms at any time. 


true 


Dr. Bell: There have been at least two hands 
raised in the front row here, and if there is no ob- 
jection from the audience, I will give Dr. Golden 
one minute and Dr. Sosman one minute. 


Dr. Golden: For the sake of the record, I 
would like to comment on Dr. Wilbur's remark 
concerning the duration of fluoroscopy. When a 
radiologist says that he fluoroscopes a patien 
for two minutes he does not mean that the pa- 
tient was in the fluoroscopic room for only two 
minutes. He means that the total duration of 
X-ray exposure was two minutes, or five minutes, 
as the case might be. The patient might be in 
the fluoroscopic room for as long as ten or fifteen 
minutes, but would still get less than five minutes 
of actual exposure during that time. During a 
fluoroscopic examination, therefore, has 
plenty of time to chat with the patient about his 
symptoms. 


one 


Dr. Sosman: There are two points that I would 
like to make. One is that, in spite of Dr. Harris’ 
statement, I still think that antispasmodics are no 
good. In fact, I think they are even worse than 
that; that it is harmful to give a big dose of an 
antispasmodic, as one may conclude that, if re- 
laxation doesn't occur under this massive dose of 
antispasmodic, we must be dealing with a carci 
noma. I say that we should throw out anti 
spasmodics; don't use them; don't depend on 
them at all. 

Another thing, Dr. Wilbur, the duodenal ulcers 
often are shallow lesions, and they may heal in ten 
days. I have seen that happen again and again 
Many of them will heal in three weeks. The heal 
ing time of the gastric ulcer depends on its size, 
and we can make a mathematical chart of the 
size of the ulcer as related to the time that is re 
quired for healing ¢f the patient ts under perfect 
medical control, and not in one of the Army 
pitals, where he may be verv unhappy. 


hos 





Evaluation of the Effects of Radiation on 
Non-Malignant Lesions of the Nasopharynx' 


M. H. CUTLER, M.D., RICHARD E. MARCUS, M.D., and FRANCIS L. LEDERER, M.D.? 
Chicago, IIl. 


ROWE (1) CALLED attention to the fact 

that lymphoid tissue in the naso- 
pharynx, especially the lateral parts, could, 
as the result of hypertrophy and hyper- 
plasia, cause intermittent or constant 
blockage of the nasopharyngeal orifices of 
the eustachian tubes. He noted that such 
blockage interfered with the normal venti- 
lation of the middle ear cavity and was 
reflected, most often in children, in de- 
creased hearing. The examination of the 
ear drums revealed retraction of the 
tympanic membrane and a reddish blush 
from the edematous mucosa of the medial 
wall of the tympanic cavity. Examina- 
tion with an electric nasopharyngoscope 
showed actual encroachment of the lymph- 
oid elements on the mouth of the eu- 
stachian tube. 

It was evident that surgical extirpation 
of the oral and nasopharyngeal lymphoid 
structures, no matter how complete, could 
not reach the laterally placed portions in 
the fossae of Rosenmiiller and about the 
lips of the tubal orifice without causing 
serious damage to the mucosa and nearby 
anatomic parts. Other investigators (2, 3) 
had previously reported the susceptibility 
of lymphoid tissue to radiation. Crowe, 
therefore, with Dr. Curtis F. Burnam, de- 
vised a nasal applicator, the end of which 
contained a compartment enclosing a 
specified amount of radioactive material, 
which could easily be passed along the 
floor of the nose and be applied directly 
to the area of the nasopharyngeal orifice 
of the eustachian tube. 

In 1946, Crowe (4) reported on a large 
series of children with tubal obstruction 
as shown by decreased acuity of hearing, 
retraction of the tympanic membranes, 


reddish or cyanotic discoloration of the 
medial wall mucosa, and encroachment of 
lymphoid tissue on the orifice of the 
eustachian tube as demonstrated by the 
electric nasopharyngoscope. After ade- 
noidectomy to remove the large mass of 
tissue, irradiation by means of the nasal 
applicator was used. Hearing improved 
and the other signs of obstruction dis- 
appeared. Similar results were not ob- 
tained by adenoidectomy alone. 

Crowe (4) also demonstrated the rela- 
tionship of nasopharyngeal lymphoid tissue 
to allergic manifestations in the nose and 
bronchi by obtaining alleviation of allergic 
symptoms by nasopharyngeal radiation, 
either with or without previous adenoidec- 
tomy. Other investigators have corrob- 
orated his findings, both in children with 
hearing loss secondary to tubal obstruction 
and in those with evidences of allergy. 

Fowler (5) extended Crowe’s studies to 
tubal obstruction in adults. During the 
war, in a carefully controlled series, he was 
able to demonstrate that many flyers pre- 
viously incapacitated for duty because of 
painful aero-otitis and subsequent hearing 
loss, could be returned to full flving status 
after application of radium to the tubal 
orifices. His microscopic slides revealed 
the destructive effect of radiation on 
nasopharyngeal lymphoid tissue. 

The series of cases to be presented here 
represents an attempt at a practical evalu- 
ation of what may be accomplished by 
irradiation according to the method advo- 
cated by Crowe (1, 6), as modified by 
him in January 1947. Certain alterations 
and added indications are necessarily i- 
cluded to meet our particular office require- 
ments. 


Presented by invitation at the Refresher Course, American College of Radiology, March 10, 1948, Chicago, 
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spectively, University of Illinois, Chicago, Ill 


516 





beet 
yeal 
case 
in tl 
in V 
mig] 
Gi 
or fi 
deaf: 
otos¢ 
cons 
of th 
in 0} 
adde 
tissu 
tube: 
In 
a hal 
deafr 
30 d 
tests 
tion, 
in he 
signif 
presei 
youn; 
old, w 
one sl 
the of 
but tl 
consic 
other 
adhesi 
prove! 
not bi 
Gro: 
larges: 
largely 
adults 
The ¢ 
to nine 
the te 
of an 
most ; 
nasal 
quent 
nasal 
breath; 


IRRADIATION OF NON-MALIGNANT LESIONS OF NASOPHARYNX 


CASE GROUPS AND INDICATIONS 


This series includes 50 patients who have 
been followed carefully at the office for a 
year (March 1947 to March 1948). The 
cases were divided into four main groups, 
in the hope of finding the group or groups 
in which the best results from radiation 
might be expected. 

Group I: Thirteen cases of well defined 
or fixed otologic impairment, either nerve 
deafness or conductive deafness (the latter 
otosclerotic or adhesive in character), 
constituted the first group. Irradiation 
of the nasopharynx in these cases was used 
in order to throw light on any possible 
added detrimental influence that lymphoid 
tissue about the orifice of the eustachian 
tubes might have. 

In 9 patients (6 children, from three and 
a half to eleven years, and 3 adults) nerve 
deafness of a handicapping degree (below 
30 decibels) was present. Audiometric 


tests in this group, before and after irradia- 


tion, showed no evidence of improvement 
in hearing. In the remaining 4 cases, a 
significant amount of adenoid tissue was 
present. Two of these patients were 
young girls, fourteen and seventeen years 
old, with otosclerosis. Following therapy, 
one showed a plus 12, plus 6 decibel gain; 
the other a plus 10, plus 14 decibel gain, 
but this borderline effect was hardly to be 
considered of any real value. In the 
other 2 patients, adults with established 
adhesive otitis, there was subjective im- 
provement, but audiometrically this could 
not be demonstrated. 

Group II: This group comprised our 
largest number of cases, 25. It consisted 
largely of children, with only 2 young 
adults, aged eighteen and twenty-one. 
The children’s ages averaged from four 
tonine years. An outstanding feature was 
the tendency to allergy and the frequency 
of an allergic family background. The 
most important symptoms were difficult 
nasal breathing, recurrent earaches, fre- 
quent sore throats, hoarseness, secondary 
nasal infections following colds, mouth 
breathing, and coughing. Physical findings 
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included pallor and bogginess of the nasal 
mucosa, reddish blush from the medial 
wall mucosa, infection of lateral bands of 
the pharynx, abundant lymphoid follicles 
on the posterior pharyngeal wall, and, on 
palpation, lymphoid masses of significant 
size in the nasopharynx. All had had 
tonsils and adenoids removed and in all 
some definite allergic background was 
present. 

Deafness or recurrent episodes of deaf- 
ness did not seem to be factors in this 
group. In 23 of the 25 cases, there was 
considerable improvement of symptoms 
over a period of two to four months. (We 
do not anticipate complete alleviation of 
symptoms.) It is possible that the im- 
provement of nasal and eustachian tube 
ventilation prevents the occurrence of 
future hearing loss. We combine radiation 
therapy with other methods of managing 
the allergic child in otolaryngologic prac- 
tice. 

Group III: The third group comprised 
8S patients, 7 adults (ages thirty to fifty) 
and a child of eight years. Symptoms in 
these cases were “‘clicking’’ noises in the 
ears, tinnitus of other types, intermittent 
“stopped up”’ sensations in the ears—all 
of which suggested eustachian tube ob- 
struction. As in group II, hearing loss 
was not a feature. Four of the 8 patients 
mentioned that some of their symptoms 
were improved following completion of 
irradiation. The other patients were un- 
able to report any remarkable change. 

Group IV: The last group consisted of 
3 cases of chronic aural discharge. It was 
hoped that relief of eustachian tube ob- 
struction would lead to restoration of nor- 
mal physiology, with resultant diminution 
in discharge or “dry ear.’ Following 
irradiation, however, there was no change 
in the character or amount of discharge. 


COMMENT AND CONCLUSIONS 


1. In our hands, irradiation has been 
useful when combined with other forms of 
therapy in the child with a syndrome of 
impaired hearing of transitory character 
and allergic symptoms, ?.e., difficult nasal 
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breathing, postnasal drainage, sneezing, 
coughing, otalgia, and mouth breathing. 
Associated paranasal infections were in- 
variably present. 

2. The effects noted in those cases with 
fixed impairment of hearing of obvious 
otologic cause (otosclerosis, adhesive otitis 
media, nerve deafness) have been dis- 
appointing, but not unexpectedly so. 

3. In mild disturbances of eustachian 
tube function, radiation may be of value. 
More cases and further experience will be 
necessary to assay its full benefit in these 
instances. 

4. The experiences of Scal (8), Boies 
(9), Fricke and Brown (10), Harris and 
Montgomery (11), and Gay (12), have 
followed a similar pattern. 

Department of Otolaryngology 


University of Illinois College of Medicine 
Chicago 12, II. 
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SUMARIO 


Valuacion de los Efectos de la Irradiaciédn en las Lesiones No Malignas de la Nasofaringe 


En una serie de 50 casos que compren- 
dian tanto nifios como adultos, utilizése la 
irradiaci6n de la nasofaringe con el aplica- 
dor de radio introducido por Crowe. El 
procedimiento result6 til, combinado con 
otras terapéuticas, en los nifios afectados 
por un sindrome de audicién defectuosa 
pasajera y manifestaciones alérgicas, es 
decir, dificultad para respirar por la nariz, 
escurrimiento postnasal, estornudos, tos, 
otalgia y respiracién por la boca. En esos 
casos hubo invariablemente infecciones 
paranasales asociadas. 

Los enfermos con insuficiencia auditiva 


fija de manifiesta etiologia 6tica (oto- 
esclerosis, otitis media adhesiva y sordera 
debida a afeccién del nervio auditivo) no 
se beneficiaron mayor cosa. 

En un grupillo de pacientes con trastor- 
nos leves, como zumbidos y sensacién de 
‘‘oidos tapados,”’ que indicaban oclusién de 
la trompa de Eustaquio, el resultado fué 
dudoso, pero parece que la irradiacién 
puede ser de algiin valor en esos casos. 

Tres enfermos con otorrea crénica fueron 
tratados sin resultado. 

Las observaciones anteriores convienen 
con las de otros autores. 
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Endocrine Factors in Hypertension; Treatment by 


Roentgen Irradiation of the Pituitary and Adrenal Regions 


JAMES H. HUTTON, M.D., JAMES T. CASE, M.D., ERNEST C. OLSON, M.D., WARREN W. FUREY, M.D., 
STANLEY FAHLSTROM, M.D., WILLIAM L. CULPEPPER, M.D. 


Chicago, Ill. 


and 


EARL E. MADDEN, M.D. 
Redondo Beach, Calif. 


N A PAPER PUBLISHED in 1933 it was 
| pointed out by one of the present authors 
(1) that hypertension and diabetes are 
similar in so many respects as to suggest a 
least common denominator among their 
etiologic factors. Evidence available at 
that time pointing to endocrine participa- 
tion in these conditions indicated (a) that 
the pituitary and adrenals are probably 
chiefly involved; (6) that an associated 


hypertension or diabetes, or both, has been 
found in every variety of hyperpituitarism 
gigantism, acromegaly, and basophilism 


while hypopituitarism is accompanied 
by lowered blood pressure and an increased 
tolerance for glucose; (c) that adrenal 
tumors are often accompanied by hyper- 
tension or diabetes, or both, while Addi- 
son’s disease is characterized by hypoten- 
sion and hypoglycemia. 

That hyperthyroidism may play a role 
in some cases of hypertension, which show 
improvement when the thyroid condition 
is corrected, has subsequently been sug- 
gested (2). 

Since 1933, additional evidence has 
accumulated tending to strengthen the 
belief that the pituitary and adrenals play 
some part in hypertension and diabetes. 
This evidence may be summarized as fol- 
lows: Diabetes has been produced in the 
dog by intraperitoneal injections of ante- 
rior pituitary extracts (3). In rats, hyper- 
tension has been produced by intraperito- 
neal (4) and intrathecal (5) injections of 
posterior pituitary extracts, and cardiac 
hypertrophy and nephrosclerosis have been 
produced by overdosage of desoxycortico- 


' Accepted for publication in April 1948. 


sterone acetate and sodium chloride (6). 
Unilateral adrenal ischemia brought about 
by subtotal ligation of periadrenal blood 
vessels causes a prompt and sustained 
hypertension (7). 

MATERIAL FOR PRESENT STUDY 

The present study is based on 795 pa- 
tients with hypertension: 486 of these 
were seen by one or more of our group, 
whose names appear above, and 309 were 
reported to us by other workers. We have 
seen, also, +2 patients who had both hyper- 
tension and diabetes, but these are not 
included in this report. Some of the pa- 
tients were employees of the Illinois 
Central Railroad and had been under ob- 
servation and treatment by the hospital 
department for one to fifteen years. The 
others were encountered in private prac- 
tice. All were known to have had hyper- 
tension for one year or longer and in most 
the systolic blood pressure was well above 
160. 

Preliminary studies were intended to be 
sufficient to establish a diagnosis of essen- 
tial hypertension. Four patients with 
nephritis were accepted for treatment; but 
in only one of these was any improvement 
noted. 

Practically all patients, except those 
treated by thyroid and pituitary extracts, 
were within normal limits as to height and 
weight. The hypercholesterolemia (8) and 
hypocalcemia () reported by others have 
not been observed in this series. Devia 
tions of the blood sugar were the most sig 
nificant findings in blood chemistry deter- 
minations. Results of glucose tolerance 
tests in 22S cases were as shown in Table I. 
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None of these patients was considered to 
have diabetes. 


TOLERANCE TESTS IN 228 


PATIENTS 


Taste I: GLvucosE 


Cases with 


Cases “ : 
Glycosuria 


Blood Sugar Levels 


Less than 170 mg.“ 97 9 
170-200 mg. 54 14 
Over 200 mg.% 77 32 

TOTAL 228 55 


Results of basal metabolism determina- 
tions in 183 cases were as follows: 


53 cases 
69 cases 


—5 or lower 
—5 to +10 


+10 or higher 61 cases 


ENDOCRINE ASPECTS OF THE STUDY 

In no case has there seemed to be a 
thymic or parathyroid fault. 

Gonads: The administration of estro- 
genic preparations in doses sufficient to 
relieve the menopausal symptoms of 
women did not materially affect their blood 
pressure. In 3 patients the hypertension 
was believed to be associated with the 
male climacteric. All were given 25 mg. 
of testosterone propionate twice weekly. 
One case responded favorably. 

Thyroid: In 6 patients the hypertension 
was associated with hypothyroidism; but 
none of these had myxedema. The basal 
metabolism rate before treatment varied 
from —10 to —20. The administration of 
thyroid in adequate doses in these cases 
was accompanied by a substantial decline 


Puise axp Bioop Pressure DETERMINATIONS IN A 


Aue. 30, 1927 


Date Pulse 
Aug. 30, 1927 

Jan. 17, 1928 

June &, 1929 ij 165 
Oct. 21, 1929 140 
Feb. 10, 1930 f 180) 
July 11, 1930 120 
March 2, 1931 180) 
Marsch 30, 19% 140 
May 23, 1932 165 
June 19, 1932 10 
Nov. 17, 1933 2 220) 
Dec. 1, 1933 +: 175 
Aug. 24, 1934 165 
June 3, 1935 155 
March 6, 1937 j 160 


Blood Pressure 


lune 1949 


in blood pressure. The dose was kept at 
that level which would relieve the symp- 
toms without causing tachycardia, heart 
consciousness, nervousness, or tremor of 
the outstretched fingers. The basal me- 
tabolism rate was not often checked after 
the preliminary determination. 

The following case history is illustrative 
of the type of response to thyroid therapy 
in these hypothyroid cases. 


A 54-vear-old man was first seen on April 18, 1922, 
complaining of backache and fatigue. He was 30 
pounds overweight, the excess being distributed in 
what was then regarded as a thyroid pattern. The 
basal metabolism rate was —15; the blood pressure 
175/115; weight 184 pounds. Treatment consisted 
at first of 3 grains of thyroid daily (a Burroughs 
Wellcome & Co. preparation standardized according 
to the British Pharmacopeia), with a gradual in- 
crease in the dose to 21/2 grains four times daily 
On Sept. 1, 1922, the patient’s weight was 152 
pounds, his blood pressure 125/80, and his pulse 90. 
On March 7, 1923, the blood pressure was 140/90 
and the pulse 72, and the dosage of thyroid was re- 
duced to 2 1/2 grains three times daily. 

The patient was next seen on July 9, 1927, when 
the pulse was 66, blood pressure 220/105, weight 177 
pounds. He had taken no thyroid for several years. 
He was again given thyroid, 2 1/2 grains three timesa 
day. Observations during the next ten years were 
as shown in the accompanying table. 

When the patient returned to the office after a 
long absence he usually reported that he had dis- 
continued the thyroid several months before his 
visit. He is said to have died of a stroke in 1945. 

Three patients with hyperthyroidism 
were treated by irradiation of the pituitary 
and adrenal regions. Their response is 
illustrated by the following case. 


HyPpoOTHYROID PATIENT RECEIVING THYROID THERAPY, 


Marcu 6, 1937 


Weight Thyroid Dosage 


155/80 155'/» Ib 
155/80 

76 2 
70 lg 
85 lg 


2'/s gr. 
'/» gr 
xX: 
a 


rT 
r 


60 
v0) 
st) 
vO 


” 
fe 


. 
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100 165 Ib 
wt) 
KH 156 Ib 


"7 6 
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A woman with recurrent hyperthyroidism, who 
had undergone two subtotal thyroidectomies and 
was scheduled for a third because of a large mass of 
thyroid tissue, was taking Lugol’s solution when she 
came under observation. The medication was 
continued and x-ray therapy was added. After six 
treatments of 50 to 55 r over each of three areas, the 
right and left pituitary and both adrenals (120 kv., 
9mm. Al filter, 5 ma., 50 cm. distance) at weekly 
intervals, the blood pressure dropped from 205/75 to 
135/75 and the basal metabolism rate from +56 to 
+18. All symptoms were relieved except those due 
to an already irreparably damaged heart. Seven 
teen months after the last x-ray treatment the blood 
pressure was 159/90 and the basal metabolism rate 
+14. The mass of thyroid tissue was apparently 
unchanged. 


McGregor (10) reported satisfactory 
results in his efforts to prevent postopera- 
tive hyperthyroid crises by preoperative 
irradiation of the pituitary and adrenal 
regions, using the same technic which we 
employed in the treatment of hyperten- 
sion. 

In this connection it should be pointed 
out that the role of the thyroid in hypo- 
thyroidism is well understood and that in 
its severe form, as myxedema, hypothy- 
roidism may produce a picture resembling 
nephritis; on the other hand, our under- 
standing of the exact role of the thyroid in 
hyperthyroidism is still incomplete. 

Adrenals: Adrenal biopsies were done 
in two female patients and no aderiomata 
were found. Small ones were found in a 
third patient postmortem, too small to 
have been recognized except on surgical 
exploration. The history of this patient 
follows. 


The patient was first seen on Sept. 9, 1934, when 
she was 34 years of age. She complained of irrita- 
bility, shortness of breath, and precordial distress. 
Her temperature was 99.6°, pulse 100, blood pressure 
260/145. She had known that she had hypertension 
for four years. Her eyes were prominent, suggesting 
exophthalmos, and the conjunctivae were injected. 
There was an excessive amount of hair over the 
body and face. The basal metabolism rate was —5. 

Irradiation was given to the pituitary and ad 
renals, Between Sept. 17 and Dec. 7, 1934, the 
pituitary region received 1,460 r and the adrenal 
region 777 r, measured in air, Symptoms were re 
lieved, and the blood pressure decreased to 220/145 
right and 195/135 left. 

The patient was next seen on Dec, 31, 1035, when 
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her blood pressure was 250/160 and basal metabolism 
determinations, reported from another hospital were 
+55 and +35. She complained of headache, palpi 
tation, and dyspnea, and was disoriented at times. 
X-ray treatment produced a drop of 20 mm. in blood 
pressure, lasting about twenty-four hours. Death 
occurred Jan. 15, 1936, of myocardial failure. Post 
mortem examination showed hypertrophy of the 
heart, nephritis, hyperplasia of the hypophysis and 
thyroid, and adenomata in both adrenals 


Another case was followed from 1936 to 
1948. 


A 60-year-old widow came under obser‘ 
Feb. 26, 1936. She had known that she hax 
tension, she said, for seven years. She 
glaucoma and in earlier vears had a bleeding duo 
denal ulcer, which continued to flare up 
Her first blood pressure reading was 220 13) 
was given x-ray treatment two to six times a vear 
with the same technic and dosage already de 
scribed—50 r to each of three areas (two pituitary 
and one adrenal). The first three blood pressure 
readings were as follows 


ation on 
1 hyper 


also had a 


occasionally 


She 


Feb. 28, 1936 
March 7, 1936 
April 4, 1936 


The blood pressure readings at approximately one- 


year intervals, together with the dates of the x-ray 
treatments in each of these vears are shown in the 


accompanying table. The blood pressure was some- 
times higher and sometimes lower than on the dates 
recorded: 

X-ray 


Blood three 
Date Pressure 
Feb. 3, 1937 
April 9, 1937 
June 2, 1937 
Feb. 14, 1938 
Feb. 21, 1938 
April 9, 1938 
June 26, 1938 
Sept. 14, 1938 
Feb. 10, 1939 
April 12, 1939 
Sept. 9, 19389 
Sept. 22, 1939 
Oct. 14, 1939 
Nov. 10, 1939 
Jan. 12, 1940 
April 17, 1940 
Aug. 10, 1940 
Aug. 19, 1940 
Nov. 30, 1940 
Dec. 31, 1940 
Jan, 27, 1941 
Feb. 5, 1941 
March 31, 1941 
April 19, 1941 
April 21, 141 
May 10, 141 
Sept. 20, 141 
Jan. 19, 1942 
April 20, 142 Ll 


160 90 
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May 18, 1942 X-ray treatment 
Aug. 25, 1942 X-ray treatment 
Oct. 3, 1942 X-ray treatment 
Nov. 6, 1942 ray treatment 
Dec. 21, 1942 ray treatment 
Feb. 27, 1943 -ray treatinent 
April 19, 1943 
July 8, 1943 
Aug. 26, 1943 
Oct. 7, 1943 
Jan. 19, 1944 
Feb. 24, 1944 
April 17, 1944 165 95 
May 11, 1944 
Nov. 11, 1944 
Nov. 24, 1944 
April 14, 1945 
April 15, 1945 
Nov. 1, 1945 
Jan. 19, 1946 
April 30, 1946 
Aug. 30, 1946 
April 11, 1947 180,90 
May 15, 1947 X-ray atment 
Nov. 5, 1947 X-ray atment 
April 7, 1948 170, 100 


160 110 
ray treatment 
ray treatment 
-ray treatment 
ray treatment 
-ray treatment 


ray treatment 
ray treatment 
ray treatment 
ray treatment 
165 100 
-ray treatment 
-ray treatment 
170, 105 


-ray treatment 
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Fifteen patients (2 men and 13 women) 
were obese, middle-aged, and thought to 
have pituitary-thyroid deficiency. All but 
one were put on a diet of 1,200 calories 
(carbohydrate SO, protein SO, fat 40 gm.). 
All were given thyroid in tolerance doses 
(2 grains per day was the usual dose), and 
all received injections twice weekly of 0.5 
c.c. of anterior pituitary extract’? and 0.5 
c.c. of posterior lobe extract, representing 
5 units. These were given in the same 
syringe at the same time. One man and 
10 women showed significant improvement. 
The history of the first of this group is as 
follows 

An Illinois Central locomotive engineer, aged 62 
years, was admitted to the hospital because of dysp 
nea, swelling of the feet for three vears, and pain 
and swelling of the abdomen for one year. He com- 
plained also of vertigo and headache for the past few 
months, and of marked diurnal somnolence. He 
Heart tones were distant, 
was heard over the aortic 
g edema to the knees. The 


weighed 22? 
and a systolic 
area. There was pitti 
a ventral hernia was present. 
Blood pressure was 186/90. There was a trace of 


2 
laver was tender and 


albusnin in the urine. Blood uric acid was 5.5 mg. 
P 


per cent, chole 195 mg. per cent, the basal 
metalolem rate 

The patsent s trouble was considered to be due to 
cardiac insufliaency and he was treated by bed rest 
low-calorse dset, and digitalis, without effect se 


cause of the obesity, dry skin, brittle nails, and other 


* Anterior Pituitary Lxtract (Parke, Davis & Co.) 
lormerly marketed as Antuitrin 


signs of thyroid and pituitary deficiency, an endo. 
crine component was suspected. In spite of the 
hypertension, the patient was given 5 units of a pos- 
terior pituitary extract and his blood pressure 
checked thereafter at fifteen-minute intervals for 
one hour. It dropped from 184/84 to 144/69, 
The following day an injection of 0.5 c.c. anterior 
pituitary extract had a similar effect. Both ex. 
tracts were then given twice weekly, with 1 grain of 
thyroid per day. On that regime the blood pressure 
dropped to 125/80, and the edema and other symp 
toms disappeared, and there was a loss of 35 pounds 
in weight. The patient was still in good health at 
the time of his retirement from service some vears 
later. 


Only obese patients who show signs of 
thyroid and pituitary deficiency are con- 
sidered as candidates for this treatment, 
and their reaction to these extracts is 
tested out before any treatment is given. 
That is, the patients are given one extract 
on one day and the other on another, and 
their blood pressure response is checked at 
fifteen-minute intervals for an hour or 
more. Unless the blood pressure shows a 
marked drop, no further injections are 
given. 

We realize that the treatment of these 
15 patients seems to be in conflict with 
statements made in the opening para- 
graphs, and we offer no explanation of the 
mechanism. Griffith e¢ al. (11) recently 
reported on the use of pitressin in hyper- 
tension and suggested that injections of 
this preparation led to the formation of 
antihormones which reduced the output 
of pituitary hormones. We do not feel 
that this was true in the cases here re- 
ported, because the fall in blood pressure oc- 
curred so promptly after the injection. 

Seven patients (5 women and 2 men) 
were thought to show evidence of anterior 
lobe deficiency, the most obvious features 
being short stature, delicate osseous devel- 
opment, and a basal metabolism rate below 
normal. All were given small doses of 
thyroid daily and 0.5 c.c. of anterior 
pituitary extract twice weekly. Five (4 
women and 1 man) showed significant 
improvement of symptoms and fall in 
blood pressure. The following case his- 
tory indicates the type of case and its re- 
sponse. 
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A 48-year-old man reported that he had been 
found to have hypertension three years before. It 
had produced no symptoms. He was 5 feet 7 1/2 
inches in height and weighed 179 pounds, and his 
face was suggestive of acromegaly. Roentgeno- 
grams of the sella showed the longest diameter to be 
13 mm., but there was no sign of erosion of the cli 
noid processes or sellar floor. The blood pressure 
was 155/100. Physical examination was otherwise 
negative. The basal metabolism rate was —16. 
An injection of 0.5 c.c. of anterior pituitary extract 


was followed by a fall in blood pressure to 130/95. 
) 


The injections were continued once a week, plus 1/2 
grain of thyroid per day. The blood pressure fell to 
120/80. 

In this group of cases, also, we are at a 
loss to explain the mechanism of the fall in 
blood pressure. All patients showing evi- 
dence of growth hormone deficiency are 
tested for their response to anterior pitui- 
tary extract. If a pronounced fall in blood 
pressure occurs within an hour after the 
injection of 0.5 c.c., it is considered likely 
that the patient will be benefited by a 
course of such injections given twice 
weekly. Obviously, such cases are not 
common, as we have encountered only 7 
such patients in a series of 486. 

Of the 12 physicians in our series, 3 were 
treated surgically as well as by x-ray. 
One was under irregular observation and 
treatment for about one year, during which 
he was symptomatically improved and his 
blood pressure was maintained at about 
180/120. It rose, soon after treatment 
was discontinued, to its pretreatment level 
of 240/140 and bilateral splanchnicectomy 
was done. Immediately after the opera- 
tion, the symptoms practically disappeared 
and the blood pressure fell to nearly nor- 
mal figures. This lasted about four months, 
when symptoms recurred, the blood pres- 
sure again rose to approximately its preop- 
erative level, and death ensued shortly 
thereafter from cerebral hemorrhage. 

The second physician experienced some 
symptomatic relief and his blood pressure 
fell almost to normal. After about. six 
months, however, symptoms returned and 
the blood pressure rose to approximately 
its preoperative level. Irradiation had no 
effect on either symptoms or blood pressure. 
Death ensued from renal insufficiency, 
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Inthe third case symptomatic relief lasted 
about three years. The patient did not 
know when his hypertension recurred. 
One x-ray treatment relieved the symptoms 
but had little effect on the blood pressure. 

Two other patients have undergone sur- 
gical as well as x-ray treatment. The 
history of one of these follows: 


Mr. T. was admitted to the hospital in 1929 at the 
age of 27 because of recurrent glomerulonephritis 
which had attacked him first in About the 
middle of 1932 he was seen in the Out-Patient De- 
partment for hypertension. His blood pressure was 
then 170/110. In February 1934 it was 165 110 
After four x-ray treatments, it dropped to 145, 105, 
and the patient was symptomatically improved. In 
February 1937, he was admitted to the hospital be- 
cause of headache, vertigo, and failing vision due to 
retinal hemorrhages and papillary edema. His 
blood pressure was 240/180 and a renal function test 
showed the phenolsulfonphthalein output to be 
only 40 per cent. In May 1937 he underwent bi- 
lateral splanchnicectomy, and the systolic blood 
pressure is said to have dropped from 260 to 180 (the 
diastolic was not reported). He was practically 
symptom-free until September 1942, when he again 
complained of failing vision and the blood pressure 
had risen to 205/140. He was admitted to the hos- 
pital for hemorrhages in the eve associated with 
hypertension, and while there contracted pneumonia, 
following recovery from which he was discharged for 
a long rest. 

In May 1943, headache recurred and the blood 
pressure was 210/130. The patient's chief com- 
plaint, however, was bilateral gynecomastia, which 


of injections of 
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became quiescent after a course 
chorionic gonadotropin and testosterone propionate 
The blood pressure that treatment, 
which was not given by us, is not recorded 

The patient was again seen in June 1944, because 
of headache and vertigo. The blood pressure was 
190/130. It dropped, after x-ray treatment, to 
155/105 and symptoms improved. The 
pressure Was maintained at about 160 100. by 
further x-ray treatments on June 19 and 26, Aug. 2, 
and Oct. 27, 1944, but had msen to 190 
February 1946. X-ray treatment was again given 
and the blood pressure again dropped to 160 110, at 
which figure it has been maintained by repeated 
irradiation (Feb, 11 and 25, March 11, and Aug. 19 
and 26, 1946). The patient remains almost free of 
symptoms, 


response to 


blood 


130 wm 


RATIONALE OF X-RAY TREATMENT 


Since 1914 unsuccessful attempts have 
been made to reduce the blood pressure of 


hypertensive patients by irradiation of the 
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adrenals. Raab (12) reported relief of 
angina pectoris by this means, though the 
blood pressure was not significantly af- 
fected. Irradiation of the pituitary is 
said to have caused considerable improve- 
ment in selected cases of hypertension 
(13, 14). So far as we know, however, 
we were the first to attempt to combine 
irradiation of the pituitary and adrenal 
regions with small doses of x-ray in the 
treatment of this condition. 

A number of theories may be advanced 
to explain the phenomena noted in this 
report. It is possible that small doses of 
x-ray have a regulatory effect on pituitary 
function, changing the proportion of the 
various hormones elaborated. The same 
dose, for instance, is effective in various 
menstrual disorders. A similar regulatory 
effect may be true of the adrenals. If the 
kidney elaborates a pressor or antipressor 
substance, one might be increased or the 
other decreased by the rays. 

Since the effects seen following irradia- 


tion of the pituitary and adrenal regions 
are so similar to those reported as following 
sympathectomy, it may be that the effects 
of irradiation are mediated through the 
sympathetic system. 


TECHNIC AND RESULTS OF TREATMENT OF 
HYPERTENSION BY X-RAYS 


Four hundred and thirteen patients with 
essential hypertension were treated by 
small doses of x-rays to the regions of the 
pituitary and adrenals. 

Dosage, Technic, and Precautions: As 
this was a new venture and we wished to 
be on the safe side, we began with very 
small doses of radiation. The first case 
was followed for one year before a second 
was accepted for treatment. Later we 
gradually increased the dose, but found 
that when more than 100 r was applied to 
each area, worth-while results were not 
obtained. 

The factors we have found most satis- 
factory are: 120 kv., 3 mm. aluminum 
filter, 50 cm. skin-target distance, 3-5 ma. 
About 50 r, measured in air, are deliv- 
ered to each area treated. Irradiation 


is applied to three areas at each sitting—to 
both sides of the pituitary through a 
10 X 10 cm. portal and to the adrenals 
through a common portal 15 X 15 cm. 

We do not know that this is the ideal 
dose, nor do we know whether the dose 
should be varied from one patient to an- 
other or in the same patient at different 
times. Our experience with heavier doses 
has already been mentioned. Other work- 
ers using higher dosage have reported 
them as without satisfactory effects (15), 

We cannot explain why small doses 
should produce good results when larger 
ones fail. This, however, is not an un- 
usual observation. Others have discussed 
these phenomena (16). Small doses of 
x-rays are beneficial in the treatment of 
certain infections, where larger doses are 
ineffective. The same thing is observed 
in the action of some drugs (20). 

The blood pressure should be checked at 
intervals of three to seven days, particu- 
larly after the first treatment. Jf sympto- 
matic relief and a marked full in blood pres- 
sure occur, no further treatment should be 
given until the blood pressure rises or symp- 
toms recur. One or two treatments are 
thus sufficient in some cases for several 
months. If no such favorable reaction 
occurs after the first treatment, another is 
given about one week later and treatments 
are then given at weekly intervals until a 
total of six have been given, provided a 
favorable response does not occur sooner. 
Whenever a marked fall in blood pressure or 
relief of symptoms occurs—whether it be 
after the first or some subsequent treatment— 
treatment is discontinued until there is a rise 
in blood pressure or a recurrence of symp- 
toms. 

Presumably a greater number than six 
of these treatments could be given in one 
series, but in order to be conservative we 
have arbitrarily limited the number to 
six. After an interval of six weeks, an- 
other series of treatments may be given if 
needed. 

Results: The results of treatment are 
shown in Table II. A patient was con- 
sidered improved when there was a fall 
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of at least 30 mm. systolic and 10 mm. dia- 
stolic pressure, along with symptomatic 


relief. 


TABLE II: RESULTS OF TREATMENT 
Adequately treated (3 or more treatments) 
Improved . .231 (70.4%) 
Unimproved hae 97 (29.6%) 
Total ‘ : 328 
{nadequately treated 60 
Not followed 25 


Total ; 85 
Cases reported by others 
Improved 238 (77.0%) 
Unimproved. . 71 (23.0%) 
ee 309 


799 


Grand total............ ; 722 


As appears from this tabulation, 413 pa- 
tients received small doses of roentgen 
rays, according to the technic outlined 
above, with relief of symptoms and a fall 
in systolic blood pressure of 30 mm. or 
more in 70 per cent of those adequately 
treated. When further treatment was 
needed, heavier doses were applied. These 
doses were without beneficial effect on 
symptoms or blood pressure. After wait- 
ing six weeks, treatment was again resumed 
with small doses, and again the same bene- 
ficial result as originally noted was seen. 

Three patients who responded favorably 
to small doses, when further therapy was 
needed were given a placebo treatment, 
which was without effect. The use.of the 
small doses of radiation at a later date 
again proved effective. 

Two roentgenologists, in cities twenty- 
five miles apart, used this method of treat- 
ment. One used the small doses we em- 
ployed and reported that his results dupli- 
cated our own. The other used larger 
doses and reported no effect on blood pres- 
sure or symptoms. 

In many instances in our series the blood 
pressure dropped shortly after the first 
treatment. In some the systolic pressure 
was lowered 40 to 60 points, while the 
diastolic remained unchanged. In others 
the diastolic showed the greater reduction. 

Symptomatic relief is usually more 
striking than the drop in blood pressure 
and often occurs when the blood pressure 
is scarcely affected. Furthermore, many 
patients who experience a fall in blood 
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pressure and symptomatic relief do not 
have a recurrence of symptoms when the 
blood pressure returns to pretreatment 
levels. The symptoms most often and 
most promptly relieved are headache, 
vertigo, nervous tension, irritability, heart 
consciousness, precordial distress, and in- 
somnia. Headache and vertigo often dis- 
appear while the patient is receiving the 
first treatment. 

An example of relief from precordial dis- 
tress is furnished by the case of a thirty- 
seven-year-old woman who had known of 
her hypertension for one year and experi- 
enced frequent attacks of substernal! dis- 
From April to October 1944 she 
took 650 glyceryl trinitrate tablets to 
relieve these attacks. An x-ray treatment 
was given Nov. 1, 1944 and from then to 
May 10, 1945 required only three 
tablets. 

Duration of Effects: Relief of 
toms and reduction in blood pressure last 
for variable periods of time in different 
patients and even in the same patient at 
different times. Some respond favorably 
for only a short time. These patients 
complained of headache following the first 
treatment. In those cases no further x-ray 
treatment was given. In a large per- 
centage of the patients, by checking 
symptoms and blood pressure weekly and 
repeating the treatment as needed, symp- 
toms can be controlled and the blood pres- 
sure maintained at substantially lower 
levels over a period of years. Eventually 
patients seem to become resistant to 
treatment. After a period of years—six 
to eight in our experience—the blood pres- 
sure rises even in those who originally re- 
sponded favorably, and is uninfluenced 
by further x-ray irradiation, while the 
symptoms are less strikingly relieved. 

We do not know that this treatment 
prolongs life, though it does in many cases 
prolong the working ability of these suf- 
ferers and makes them much more com- 
fortable. 

Comment: Other structures about the 
pituitary and adrenals are, of course, ex- 
posed to the same rays, and changes 
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wrought in these structures may contribute 
something to the phenomena we have ob- 
served. Langer (17) called attention to 
certain diseases that responded favorably 
to irradiation of the vegetative system. 
It is likely that the autonomic system 
played a considerable part in producing 
the results that followed these treatments. 

Efforts were made to guard against the 
influence of psychotherapy. While it is 
unlikely that we were completely success- 
ful in this respect, we do not believe that it 
played an important role. 

As to controls, the fact that many of 
these patients had already been under 
orthodox forms of treatment for one to ten 
years without relief is, in itself, a control. 
Two patients receiving thiocyanate ther- 
apy with little or no effect on either blood 
pressure or symptoms noted striking and 
immedately favorable effects on blood 
pressure when x-ray therapy was added. 
The cyanates were later withdrawn but 
the good effects continued. 

Three patients have been given x-ray 
treatments to other parts of the body with- 
out effect on symptoms or blood pressure. 
These were then given treatment to the 
pituitary and adrenal regions with small 
doses of x-ray. Prompt relief of symptoms 
and reduction of blood pressure resulted. 
The fact that the adrenal region has been 
irradiated many times and by many work- 
ers over the past thirty odd years without 
significant effect on the blood pressure of 
hypertensive patients is perhaps the best 
answer to the suggestion that the effects 
we have noted have been due to the general 
biologic effect of the rays and would have 
occurred if other parts of the body had been 
irradiated. 

It has been suggested that x-ray treat- 
ment be tried before surgical intervention 
(18) and that it might be used as a pro- 
phylactic measure in patients in whom 
hypertension seems likely to develop (19). 
We have found it helpful in patients with 
hypertension recurring after surgical treat- 
ment. We have failed to obtain improve- 
ment in any case of hypertension in the 
malignant phase. 


Irradiation for hypertension is, then, a 
simple and safe procedure which can be 
employed wherever proper x-ray equip- 
ment is available. For better than four- 
teen years we have followed more than 
400 cases and have never seen the slightest 
evidence of x-ray damage to any organ or 
tissue. Biopsy of the adrenals has re- 
vealed no sign of damage. Postmortem 
examination was done in two cases, both 
of which had received much more irradia- 
tion than is now recommended. In neither 
case was there any damage to the pituitary 
or adrenals or to any other organ or tis- 
sue. At no time have we noted any con- 
flict with any other form of therapy. 


SUMMARY 


It is believed that at least a small pro- 
portion of cases of hypertension have an 
endocrine background and that every pa- 
tient suffering from this disorder should 
have the benefit of an endocrine study. 

A series of 795 cases accumulated since 
1932 has been studied from this point of 
view, and cases benefited by various forms 
of endocrine therapy are reported. 

The pituitary and adrenals seem to be 
most often involved, and x-ray irradiation 
has been directed to these regions in an 
attempt to control symptoms and lower 
the blood pressure. The authors have 
themselves treated 413 patients, with 
improvement (a lowering of blood pres- 
sure of at least 30 mm. systolic and 10 mm. 
diastolic, with symptomatic relief) in 70 
per cent of those receiving adequate treat- 
ment. 

The factors which have been found most 
satisfactory are 120 kv., 3 to 5 ma., 3.0 
mm. Al filtration, and 50 cm. target skin 
distance. Irradiation is applied to three 
areas at each sitting, two pituitary portals, 
each 10 X 10.cm., and a 15 X 15cm. portal 
over the adrenals, about 50 r, measured 
in air, being given to each portal. The 
blood pressure is checked repeatedly fol- 
lowing treatment, and irradiation is re- 
peated only when there is no favorable 
response to the first treatment or there is 
recurrence of symptoms or a rise in pres- 
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sure. AS many as six treatments may be 
given in a series, at weekly intervals, and 
the series may be repeated as needed. 
Eventually, however, the treatment ceases 
to be effective (after six to eight years in 
the authors’ experience). 

No evidence of x-ray damage has ever 
been observed following this treatment, 
and in two cases postmortem study has 
revealed no injury to the pituitary, ad- 
renals, or other tissues or organs. 


30 North Michigan Ave. 
Chicago 2, Ill. 
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Phila- 


SUMARIO 


Los Factores Endocrinos en la Hipertensidn: Tratamiento con los Rayos X de las Regiones 
Hipofisaria y Adrenal 


Parece que por lo menos una pequefia 
proporcién de los casos de hipertensién se 
asientan en un fondo endocrino y que todo 
enfermo que padezca de dicho trastorno de- 
beria disfrutar del beneficio de un estudio 


endocrinolégico. Una serie de 795 casos 
acumulados desde 1932 ha sido estudiada 
desde ese punto de vista, y aqui se comuni- 
can los beneficiados con varias formas de 
endocrinoterapia. 

La pituitaria y las adrenales parecen ser 
las afectadas mds a menudo y los rayos X 


han sido asestados a esas regiones con mira 
a cohibir los sintomas y rebajar la tensién 
sanguinea. Los AA. mismos han tratado 
413 enfermos, con mejoria (baja de la ten- 
sién sang*tinea por lo menos de 30 mm. en la 
sistélica y 10 mm. en la diastdélica, con ali- 
vio sintomatico) en 70 por ciento de los que 
recibieron tratamiento adecuado. 

Los factores que resultaron mas satisfac- 
torios fueron: 120 kv., 3a 5 ma., filtracién 
por 3.0 mm. de Al y distancia foco-piel de 
50cm. La irradiacién se aplica a tres zonas 
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en cada sesién: dos puertas, cada una de 10 
X 10 cm., en la hipéfisis, y una de 15 X 15 
cm. sobre las adrenales; cada puerta re- 
cibe unos 50 r, medidos al aire. La presién 
sanguinea es determinada repetidamente 
después del tratamiento, y s6lo se repite la 
irradiacién si no hay respuesta favorable 
al primer tratamiento o si hay recurrencia 
de sintomas o alza de la tensién. Pueden 
administrarse en una serie hasta seis trata- 


mientos a plazos semanales, repitiéndose la 
serie segiin se necesite. Sin embargo, con 
el tiempo el tratamiento deja de ser eficaz 
(al cabo de seis a ocho afios en la casuistica 
de los AA.) 

No se han observado jamas signos de le- 
sién roentgenolégica a continuacién del 
tratamiento, y en dos casos la autopsia no 
revelé lesién de la pituitaria, adrenales o de 
otros tejidos u érganos. 





A Rapid Quantitative Scale Method for Estimating the 
Percentage Concentration of Priodax in the Gallbladder’ 


M. H. POPPEL, M.D., F.A.C.R., and CELIA BERCOW, M.D. 
New York, N. Y 


VALUATION OF THE concentration of 
Priodax (brand of iodoalphionic acid) 
in the gallbladder during cholecystography 
has, up to the present time, been subject to 
variations incidental to different roentgen 
technics and the personal equation of the 
interpreter, all other conditions remaining 
equal. This paper reports a method which 
automatically eliminates these two varia- 
bles and equalizes the results of Priodax 
cholecystography irrespective of technical 
factors and personal variations. 

This is accomplished by use of a stepped 
scale? previously standardized against 
varying percentage concentrations of Prio- 
dax, beginning with the highest concen- 
tration possible and ending with the small- 
est concentration visible to the eye: in 
other words, the use of a simple, direct- 
reading five-step scale of known density 
variations, with which the opacified gall- 
bladder image can be compared directly 
on the film. The thickness of the match- 
ing step obviously increases with the in- 
crease of dye concentration. 

Radiography is a study of contrasts in 
density. Since, ordinarily, the normal 
gallbladder cannot be differentiated from 
its surrounding tissues, a method for 
enhancing its contrast had to be devised. 
This was originally done by Graham and 
Cole (1) in 1924, with the aid of tetra- 
bromphenolphthalein, which they injected 
intravenously. This procedure embodied 
an entirely new and original radiological 
principle, 7.e., utilization of the specific 
functions of a system to engender a differ- 
ence in density. Cholecystography is, 
therefore, largely a test of physiological 
capacity. 


‘ This study was aided in part by a grant from the Schering Corporation, Bloomfield, N. ]., 
Accepted for publication in August 1948 


of Priodax (brand of iodoal phionic acid) 


Small variations in the opacified gall- 
bladder as to size, shape, position, and 
capacity are unimportant if the organ is 
well visualized, shows a_ progressively 
intense opacification, is capable of altering 
in size, and empties after the administra- 
tion of a fat-containing meal. 

Priodax is beta(4-hydroxy-3,5-diiodo- 
phenyl)-alpha-phenylpropionic acid. At 
the present time it is the product of choice 
for cholecystography, since it possesses the 
following advantages: Attendant nausea, 
griping, and diarrhea, when present, are 
usually mild. Vomiting is uncommon. 
There is less patient resistance; the 
medium is readily accepted and is simple 
to administer. It is readily absorbed 
from the gastro-intestinal tract, affording 
freedom from confusing opacification of 
the colon due to non-absorbed dye. The 
number of repeat or confirmatory examina- 
tions is minimized. The use of other 
drugs, such as paregoric, is eliminated. 
The dye is administered orally, in tablet 
form, usually in a set of six tablets, each 
containing 0.5 gm. of the dye, given five 
minutes apart, with water, the evening 
before the examination. 

The dye is picked up from the blood by 
the liver and excreted into the bile. In an 
effort to approximate the percentage con- 
centration of Priodax in the bile, we exam- 
ined the latter at suitable intervals after 
the oral administration of the dye to pa- 
tients whose gallbladders had been re- 
moved and in whom there were drainage 
tubes in the common ducts. We found an 
average concentration of about ().2 per cent. 
It is important to emphasize that this 
figure is only a very doubtful approxima- 


manufacturers 


* Acknowledgment is made to Mr. Oscar S. Swarth of the Schering Corporation, who diligently collaborated 


in the development of the scale. 
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Fig. 1. Photographs of the scale. 


tion, since the circumstances under which 
the tests were made were abnormal, and 
the exact percentage was very difficult to 
obtain. 

The bile is conveyed in small amounts by 
the various-sized hepatic ducts into the 
main hepatic duct. The regulatory mech- 
anism at the duodenal end of the common 
bile duct, consisting of the tonicity of the 
duodenal wall and the action of the sphinc- 
ter of Oddi, during the fasting period, 
controls and diverts the passage of bile 
from the hepatic duct, through the cystic 
duct, into the gallbladder, where the dye 
is concentrated by loss of water and other 
substances through absorption and by the 
addition of mucin derived from the gall- 
bladder mucosa. This absorptive power 
or concentration ability is one of the very 
important factors in visualizing the nor- 
mal gallbladder after the administration 
of dye and in determining the density or 
the degree of opacification. 

At the beginning, the possible range of 
concentration of the dye in gallbladders 
was unknown to us. We proceeded with- 
out any data from the literature. By trial 
and error we actually found that the dye is 
concentrated up to 4 or 5 per cent in the 
gallbladder. ‘This was determined by com- 
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paring the density of the opacified gall- 
bladder during cholecystography with the 
density of the standardized stepped scale. 
described more fully below. The first 
finished scale had only four steps (1 to 4 
per cent), and although the few extreme 
densities actually encountered most nearly 
matched the 4+ per cent step, there was 
occasionally a question as to whether the 
concentration was not somewhat greater. 
We considered and finally added the fifth 
step, or 5 per cent, first as a contrasting 
step to help us to decide on step 4 as 
against step 5 and, second, on the possibility 
that such a concentration might occur nor- 
mally or pathologically (debatable), as in 
papillomatous disease of the gallbladder 
(2). The findings, therefore, suggest a 
concentration of 20 to 25 times. This 
concentration, however, may not actually 
be so large, owing to the doubtful character 
of the 0.2 per cent concentration of the dye 
in the bile coming from the liver. 

The scale, as pictured (Fig. 1), consists 
of five steps made from aluminum bar 
stock. Step one, the thinnest, and there- 
fore the most radiolucent, is 44/1,000 of 
an inch in thickness. The second step 
is a multiple of two, and so on, until 
the fifth or thickest step, which is 220/ 1,000 
of an inch or five times the thickness of 
step one. These five steps were deter- 
mined and standardized experimentally 
by utilizing human and artificial gallblad- 
ders with walls of radiodensity equivalent 
to the normal. These organs were filled 
to a capacity of 40 c.c. and measured 7.5 to 
9 cm. in length and 3 cm. in their greatest 
breadth. They were filled with different 
concentrations of Priodax and roentgeno- 
grams were obtained simultaneously on 
the same film with varying scale thick- 
nesses, until a visual match was secured. 
The following equivalents were obtained 
(for a 40-c.c. capacity gallbladder) : 
thick, to 1% concentration. 
thick, to 2% concentration. 
thick, to 3% concentration 
thick, to 4% concentration 
thick, to 5% concentration. 


Step 1, 44/1,000 in. 
Step 2, 88/1,000 in. 
Step 3, 132/1,000 in. 
Step 4, 176/1,000 in. 
Step 5, 220/1,000 in. 


Since there is a definite cycle for the 
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behavior of each individual cholecysto- 
graphic medium, the periods for radio- 
eraphic examination are predetermined. 
The interval after the oral administration 
of Priodax is usually sixteen hours. 

The roentgen technic is very simple. 
After the patient is positioned and before 
the exposure is made, the scale is placed 
between the patient and the x-ray table 
laterally on the right side between the iliac 
crest and the last ribs, as indicated in 
Figure 2. The film is exposed and proc- 
essed in the usual way. Thus the scale 
is subjected to the same possible technical 
variations as is the opacified gallbladder. 
The procedure is rapid and does not inter- 
fere with the diagnostic value of the film. 

If the size of the gallbladder is within the 
usual normal range, the density is matched 
against one of the steps and the concen- 
tration read off directly from the step 
numbers. A slight variation in size will 
not significantly alter this reading. If, 
however, the size is abnormal, the concen- 
tration is easily obtained by dividing the 


matching step number by the relative size 


of the visualized gallbladder. For exam- 
ple, if the gallbladder matches step 2 in 
density and is twice the normal expected 
size, the concentration, obtained by divid- 
ing 2 by 2,isl percent. If the gallbladde1 
matches step 2 and is one-half the normal 
expected size, the concentration is obtained 
by dividing 2 by 1/2, namely 4 per cent. 


CONCENTRATION OF PRIODAX IN GALLBLADDER 


Fig. 2. Roentgenogram illustrating use of scale 
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SUMARIO 


Técnica Rapida de Escala Cuantitativa para Calcular la Concentracidn Porcentaria de Priodax 
en la Vesicula Biliar durante la Colecistografia 


Para medir laconcentracién de Priodaxen 
la vesicula bilar durante la colecistografia 
los AA. emplean una escala de aluminio, 
que comprende cinco grados de espesor 
cada vez mayor, de 110/1000 a 550/1000 
de 1 cm. Los cinco grados representan 
concentraciones de 1 a 5 por ciento. 

En la practica, se coloca la escala entre el 
enfermo y la mesa de rayos X de costado 
sobre el lado derecho entre la cresta iliaca y 
las filtimas costillas, exponiéndose después 


la pelicula y trabajandose en la forma ha- 
bitual. Si el tamafio de la vesicula biliar 
es normal o casi normal, puede determi 
narse el espesor directamente por la escala. 
Si el tamano es anormal, se obtiene la con 
centracién dividiendo el nimero del grado 
correspondiente por el tamafio relativo de 
la vesicula. Por ejemplo, si la vesicula 
aleanza el doble del tamano normal y 
empareja el grado 2 en espesor, la concen 


tracién porcentaria es 2 2, 6 | por ciento 





The Sensitometry of Roentgenographic Films and Screens' 


RUSSELL H. MORGAN, M.D.,? and WILLARD W. VAN ALLEN, B. Sc.? 


URING THE PAST year, the Tuberculosis 

Control Division of the United States 
Public Health Service has_ established 
withinits roentgenological facilitiesat Rock- 
ville, Maryland, a sensitometry laboratory 
for the testing of roentgenographic films, 
screens, and developing materials. The 
primary purpose of this laboratory is the 
procurement of reliable speed data on 
these products for the guidance of the 
Division in choosing the most satisfactory 
roentgenographic materials for its use. 
It is planned, however, to publish many 
of the data obtained from time to time and 
it is hoped, therefore, that this new facility 
will prove useful, also, to roentgenologists 
in general. 

Although quantitative data giving the 
speeds of commercial roentgenographic 
films, intensifying screens, and developers 
will be of rather limited benefit at first, it 
is anticipated that the availability of such 
information will constantly stimulate the 
roentgen industry to improve the quality 
of its products. Also, it is expected that 
the experimental investigations conducted 
by the laboratory in the performance of its 
testing will yield much information which 
will be useful to roentgenologists in the 
improvement of their technical procedures. 
Furthermore, when automatic photoelec- 
tric timers become more widely used, the 
film-screen data will greatly facilitate the 
use of these instruments by making it 
possible to complete their adjustment sim- 
ply by turning their sensitivity controls 
to the speed numbers of the films or film- 
screen combinations which are being used. 

The institution of a program of roent- 
genographic sensitometry has required that 
a standard definition of film, screen, and 
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developer speed be established and that 
methods of film, screen, and developer speed 
measurements be developed which comply 
with the definition. In the following para- 
graphs, the standard speed definition which 
has been adopted by our laboratory will be 
discussed in detail. Thereafter attention 
will be directed to a description of the 
equipment with which roentgenographic 
sensitometry is performed in compliance 
with this definition. 


STANDARD DEFINITION 
OF ROENTGENOGRAPHIC FILM, 
SCREEN, AND DEVELOPER SPEED 


Bastc Considerations: In photographic 
practice, film speed is customarily defined 
as the reciprocal of the exposure required 
to produce a particular photographic ef- 
fect;* that is, 


where S is the film speed, F is the exposure 
required to produce a particular photo- 
graphic effect, and & is a constant of such 
magnitude that the values of S fall 
within a convenient range of numbers. 
There can be little question that this 
definition is basically sound, since it 
assigns speed numbers to films in inverse 
proportion to the quantity of radiation re- 
quired to affect them; that is, films which 
are darkened by a smal! amount of light 
will have higher speed ratings than those 
which require large amounts of radiant 
energy. Unfortunately, the particular 
photographic effect referred to in this 
definition has never been standardized by 
the photographic industry and, accordingly, 
a film may have a number of speed 


* Consultant, Tuberculosis Control Division, U. S. Public Health Service. 
* Physicist, Tuberculosis Control Division, U. S. Public Health Service 
‘For a complete discussion of the definition and measurement of photographic film speeds, the reader & 


referred to Mees (3 
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ratings depending on the number of labora- 
tories that have tested and published quan- 
titative data upon it. In this country, 
the ratings determined by the laboratories 
of the Weston and General Electric Com- 
panies are among the most widely used. 

At the present time, the particular 
photographic effect referred to in the speed 
definition is usually specified in either 
of two general ways. In one, a definite 
photographic density is indicated; for 
example, in the German DIN system 
(2, 3), the speed of a film is evaluated from 
the exposure required to produce a density 
of 0.1 above fog. ‘ince photographic 
densities can be measured precisely, speed 
ratings derived from such a specification 
should be generally reliable. The density 
of a film is markedly affected, however, 
by the developing conditions employed in 
processing the film unless a developing time 
considerably in excess of normal is used. 
Accordingly, developing conditions must 
be meticulously controlled when this speci- 
fication is employed. 

The other specification of photographic 
eflect is more complex and requires deter- 
mination of the inertia exposure of the 
film under test. This exposure is derived 
by giving the film a series of graded ex- 
posures and plotting the resulting photo- 
graphic densities against the logarithm of 
the exposure. A curve similar to that 
shown in Figure 1 will be produced. The 
linear portion of the curve is then extended 
downward until it crosses the log exposure 
axis. The point of crossing is the inertia 
exposure and is the value used in equation 
(1) to determine the film’s speed. This 
specification has the advantage that in 
some films the inertia exposure is relatively 
unaffected by developing conditions and 
it is not necessary, therefore, to contro! 
development as precisely as when the 
density specification is used. However, 
the inertia exposures of many of the more 
highly sensitive films of recent years ex- 
hibit considerable instability with changes 
in development and the advantage of the 
specification is therefore questionable. 

The speed of a roentgenographic film, 
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Fig. 1. Relationship between the logarithm of the 
exposure received by a typical photographic film and the 
resultant density of the film 


like that of a photographic material, may 
be defined as the reciprocal of the exposure 
required to produce a particular roent- 
genographic effect. Such a definition im- 
mediately raises the question as to how the 
term, particular roentgenographic 
should be specified. For a number of 
reasons, we favor a density specification. 
First, the density of a roentgenographic 
film is one of the most important factors 
controlling its interpretability (4). Such 
a specification, therefore, should vield 
roentgenographic speed numbers of practi- 
cal significance to the roentgenologist 
Furthermore, roentgenographic films cus- 
tomarily are developed to a point where 
the density is influenced only moderately 
by developing conditions, and it is antici 
pated that with wider use of automatic 
timing methods, long development times, 
in which density is essentially unaffected 
by developing conditions, will be generally 
employed. Finally, the linear portions of 
the density-log exposure curves of roent 


effect, 
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genographic films are extremely short, 
thereby making the evaluation of their in- 
ertia exposures very difficult. It therefore 
seems that a density specification has much 
torecommend it. There remains only to de- 
cide what density shall be stipulated. 

It has been previously suggested by one 
of us (4) that this density be of the order 
of 1.0. Such a density is midway in the 
useful range of film blackening and accord- 
ingly represents the average density of the 
significant portions of a correctly exposed 
roentgenogram. Jt therefore seems reason- 
able to propose that the speed of a roentgeno- 
graphic film be defined as the reciprocal of 
the exposure required to produce a film den- 
sity of 1.0 above fog density and the density 
of the film base. 

The foregoing definition of roentgeno- 
graphic film speed applies equally well 
whether a film is exposed with or without 
intensifying screens. The speed ratings of 
films exposed with screens will, of course, 
be considerably greater than those exposed 
to roentgen rays directly. Furthermore, 
the speed ratings of films exposed with 
screens will depend on the brand of screen 
employed. In view of the latter fact, 
roentgenographic films may have a number 
of speed ratings depending on the number 
of brands of intensifying screen that are 
available. To avoid confusion when 
speaking of the speed numbers of films 
exposed with screens, it is recommended 
that one refer to such numbers as represent- 
ing the speeds of film-screen combinations 
rather than of films alone. 

It has been suggested by a number of 
workers that separate sets of speed num- 
bers be assigned to roentgenographic films 
and intensifying screens; the speed rating 
of any given film-screen combination could 
then be obtained merely by multiplying 
the speed of the film by the speed of the 
screen. It has been pointed out that by 
such a system, a film, when exposed with 
intensifying screens, would have only one 
speed rating and that, therefore, no oppor- 
tunity to misinterpret speed data would 
occur. However, such a system has a 
number of serious disadvantages. First, 
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a complete listing of the speed character. 
istics of available films and screens would 
require three sets of data—one set of speed 
ratings for films exposed with roentgen 
rays directly, one set of ratings for films 
exposed with intensifying screens, and 
finally one set of ratings for the screens 
themselves. The duplicity of ratings fo 
films exposed with and without intensifying 
screens would almost certainly lead to con. 
fusion. Of course, this difficulty could 
be avoided if the same set of film speed 
ratings could be used regardless of whether 
the films were exposed with or without 
intensifying screens, but such a situation 
requires that the intensification factors 
of the screens be constant and completely 
independent of such conditions as the type 
of film and the quality of the exposing 
radiation. Since this is not so (5), two 


sets of film speed ratings are imperative. 
A second disadvantage is the confusion 
which would occur if one or more new types 
of intensifying screen were developed. At 
the present time, calcium tungstate screens 


are used exclusively by the profession. 
However, if screens having spectral char- 
acteristics somewhat different than those 
of calcium tungstate were developed (¢.g., 
zinc sulfide), then an additional set of 
ratings would be needed for the computa- 
tion of the speeds of the new film-screen 
combinations. 

From the foregoing, it is evident that 
separate sets of speed numbers for roent- 
genographic films and intensifying screens 
should be avoided. Instead, when a film 
is exposed with intensifying screens, the 
film-screen combination should be regarded 
as a unit with a single speed number 
assigned to it. 

Specification of Unit of Exposure: The 
basic definition of roentgenographic film 
speed, presented in the preceding section, 
has little practical usefulness until the unit 
in which the roentgenographic exposures 
shall be measured is specified. One unit 
that will immediately suggest itself is the 
roentgen. However, such a fundamental 
unit as the erg/sq. cm. might also be com 
sidered. In addition, an arbitrary unit, 
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based on the use of such measuring devices 
as the photoelectric intensitometer, might 
prove useful. 

As far as the erg/sq. cm. is concerned, 
this unit is of such small magnitude that 
it would be rather impractical in general 
use. Also, a unit based on intensitometric 
data would have little usefulness, since 
measurements made with photoelectric 
intensitometers are extremely difficult to 
standardize. Accordingly, the roentgen 
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binations and films exposed without screens 
would be in the neighborhood of 1,000 and 
10, respectively. Such numbers seem in- 
conveniently large and are likely to give a 
false impression of accuracy. Therefore 
it has been decided to adopt the deciroent- 
gen (0.1 r) as the unit of exposure in this 
laboratory’s speed definition. Such a unit 
will yield speed numbers in the neighbor- 
hood of 100 for film-screen combinations 
and 1 for films exposed without screens. 
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Fig. 2. 


Speed of a typical roentgenographic film exposed to roentgen 


radiation directly (A) and of a typical film-screen combination (B) plotted 
as a function of the quality of the exposing radiation. 


remains as the most suitable choice. Ac- 
tually, it has much to recommend it. Its 
definition is well standardized and roent- 
genometric equipment through the years 
has been developed to a high degree of 
perfection. 

The exposure required to produce a 
density of 1.0 in present-day roentgeno- 
graphic films is of the order of 0.001 r when 
exposures are made with intensifying 
screens and 0.1 r when exposures are made 
with roentgen rays directly. Therefore, 
if the speed of a roentgenographic film were 
defined simply as the reciprocal of the 
exposure, measured in roentgens, required 
to produce a film density of 1.0, the speed 
humbers of present-day film-screen com- 


Specification of Roentgen Quality of Ex- 
posing Radiation: The use of the deci- 
roentgen as the unit in which exposures 
shall be measured immediately requires 
that the quality of the exposing radiation 
be specified, for the speed of a roentgeno- 
graphic film or film-screen combination, 
determined by roentgenometric testing, is 
markedly influenced by roentgen quality. 
This is well shown in Figure 2 where the 
speeds of a typical roentgenographic film, 
exposed to roentgen radiation directly, 
A, and of a typical film-screen combina- 
tion, B, are plotted as a function of the 
quality of the exposing radiation (half- 
value layer of aluminum). These data 
were derived from sensitometric measure- 
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Fig. 3. Quality of radiation, expressed in terms of the half-value layer of aluminum, transmitted by various thick- 
nesses of masonite presdwood (density = 1.07), for roentgen tube potentials ranging from 30 to 90 kv.p. for portal 
areas of 200 and 900 sq. cm. and for conditions under which a grid of 8:1 ratio is and is not employed below the 


phantom. 


ments in which the exposures were recorded 
in deciroentgens. 

In an effort to determine what quality of 
radiation should be specified in the speed 
definition, the authors measured the half- 
value layer in aluminum of radiation trans- 
mitted by phantoms of masonite presd- 
wood (density = 1.07) ranging in thickness 
from (0 cm. to 50 cm. The incident roent- 
gen radiation was produced by a four- 
valve, single-phase roentgen generator op- 
erating at 30, 50, 70, and 90 kv. (peak). 
The filtration in the roentgen beam in- 
cluded only the wall of the roentgen tube, 
which had an aluminum equivalence of 
0.7 mm. The portal areas of the incident 
radiation were 200 and 900 sq.cm. Meas- 
urements were made with and without 
a grid, having a depth-space ratio of 8:1 
and an element distribution of 50 lines 
per inch. Thus, the measurements were 
made through a range of conditions ap 
proaching those encountered in medical 
roentgenography. 

The data derived from this investigation 
are plotted graphically in Figure 3. It 


will be observed that for conditions ap- 
proaching those under which roentgenog- 
raphy is performed without intensifying 
screens (phantoms less than 10 em. in 
thickness, kilovoltages less than 70 kv.p. 
and small portal areas), the half-value 
layer of the radiation ranged from 1.) 
mm. to slightly over 3.0 mm. of Al; the 
average was approximately 2.0 mm. of Al. 
For conditions approaching those under 
which roentgenography is performed with 
intensifying screens (phantoms more than 
10 cm. in thickness and kilovoltages over 
50 kv.p.), the half-value layer of the radia- 
tion ranged from 2.0 mm. to almost 6.! 
mm. of Al; the average was approximately 
4.0mm. of Al. Thus, it appears that whe 
films are exposed without screens, a hall- 
value layer of 2.0 mm. of Al should be 
specified as the quality of the exposing 
radiation; when films are exposed with 
screens, the specification should be a halt 
value layer of 4.0 mm. of Al. However," 
will be noted from Figure 2 that the spec? 
rating of the film exposed to roentgen radix 
tion directly is essentially the same até 
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Fig. 4. 
half-value layer of 4.0 mm. of Al as it is 
at 2.0 mm. of Al. This is generally 
characteristic of all films exposed without 
screens (5). Accordingly, in order to 
simplify the specification of radiation 
quality in the speed definition, a half-value 
layer of 4.0 mm. Al has been adopted as 
the quality of the exposing radiation for 
both film-screen combinations and _ for 
films exposed with roentgen rays directly. 

Specification of Radiation Intensity and 


Exposure Time: In practice, the speed of a 
roentgenographic film may be determined 
by giving the film a series of graded expo- 
sures of known roentgenage, measuring the 
resulting film densities and plotting a den- 


sity vs. exposure curve. From this curve 
the exposure required to produce a film 
density of 1.0 can be readily evaluated and 
the speed of the film thereby determined 
from the speed definition. 

Now the exposure received by a film is 
equal to the product of the intensity of the 
exposing radiation and the exposure time. 
Therefore, when the film is given its series 
of graded exposures, exposure can be 
varied by changing either the intensity of 
the radiation or the exposure time. How- 
ever, the speed number of a roentgeno- 
graphic film-screen combination when de- 
termined under one condition will not be 
identical to that determined under the 
other, due to the phenomenon of reciproc- 
ity law failure (6). Therefore, the method 
by which the exposure is controlled must 
be specified in the speed definition. 

Under normal roentgenographic 
ditions, the intensity of the exposing 


con 


radiation 


on the film. 
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varies from point to point 
throughout the film, depending on the struc- 
ture under examination, whereas the ex- 
posure time remains the same at all points 
Accordingly, it seems reason- 
able that, in the determination of the 
speed number of a film or film-screen com- 
bination, exposure be varied by changing 
the intensity of the exposing radiation 
and that the exposure time remain fixed. 
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Fig. 5. Effect of ambient temperature on the speed 
of a typical roentgenographic film-screen combination 
Curve A, exposure time of 0.1 second. Curve B, ex- 
posure time of 1.0 second. Curve C, exposure time of 
10 seconds 


Because of reciprocity law failure, roent- 
genographic film-screen speeds are gov- 
erned by the length of the exposure time. 
This is graphically illustrated in Figure 4, 
in which the speed of a typical film-screen 
combination is plotted as a function of 
exposure time. Exposure time, therefore, 
should not only be fixed at a given level 
during the measurement of the speed of a 
particular film but it should be fixed at a 
specific value for all film speed measure- 
ments. 

At the present time, the exposure times 
used in normal roentgenographic practice 
usually approximate 1.0 second. It there- 
fore appears that the speeds of film-screen 
combinations should be measured under 
conditions where the exposure time is 1.0 


second, In the future, if high-powered 
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Fig. 6. Relationship between the speed and develop- 
ment time of a typical film-screen combination when 
processed in five different developers. The recom- 
mended development time for each developer is indi- 
cated on the corresponding curve by a circle 


roentgenographic equipment becomes more 
generally used, it may be necessary to 
lower the specification to (0.1 second. 

Since films exposed to roentgen radia- 
tion directly do not exhibit reciprocity 
law failure, no specification of exposure 
time is required when referring to these 
films. 

Specification of Temperature of Film or 
Film-Screen Combination at Exposure: It 
has previously been shown (7) that the 
temperature at which roentgenographic 
exposures are made has a considerable 
influence on the speeds of roentgenographic 
film-screen combinations. This effect is 
illustrated in Figure 5. It is evident that 
if speed measurements are to be repro- 
ducible, the temperature conditions within 
the exposing room must be well controlled. 
Since the temperature of an average roent- 
genographic exposing room approximates 
25° C., such a temperature has been speci- 
fied in the speed definition. 

Specificution of Developer Composition: 
Until now, attention has been focused 
principally on the conditions which should 
prevail during the exposure of a roentgeno- 
graphic film or film-screen combination. 
However, the density produced in a film 
is strongly influenced also by the condi- 
tions which exist during its processing, and 


June 1949 


it therefore is of utmost importance that 
all factors dealing with the development 
process be rigidly specified in the speed 
definition. In Figure 6 the relationship 
between the speed of a typical film-screen 
combination and the time of development 
is shown for several commonly used devel. 
opers. On each curve a point has been 
marked at the time of development recom. 
mended by the manufacturer of the devel. 
oper. It is readily apparent that the speed 
of a film-screen combination depends on 
the developer employed. Not only is its 
speed different from one developer to 
another for the recommended development 
time, but the maximum speed obtained 
after prolonged development differs from 
one processing material to another. 

In the establishment of a specification 
for developer composition, three possible 
choices present themselves: (1) a standard 
developer of ideal characteristics and spe- 
cial composition may be specified; (2) some 
one commercial developer may be chosen 
as standard; (3) the specification may call 
for no standard developer but instead may 
require that determinations of film or 
film-screen speed be made for each commer- 
cial developer. The first choice has little 
to recommend it. Such a developer would 
be difficult to obtain, since it must be 
compounded from separate ingredients 
and would not necessarily represent the 
behavior of any commonly used developer. 
Furthermore, if the speed numbers ob- 
tained by its use are to be of practical 
value, factors would have to be obtained 
to convert the speed of the film in the 
standard developer to the speeds of the 
film in commercial developers, a different 
factor being required for each developer. 

The choice of a particular commercial 
developer as a standard has the advantage 
that the first two objections cited above 
for the special developer do not apply. 
However, the third objection does apply, 
and accordingly this choice leaves much to 
be desired. Since different developers 
produce different speeds regardless of 
development conditions, and since speed 
numbers to be useful must apply t 
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practical conditions of use, it has been 
decided that no fixed developer composi- 
tion be specified in the speed definition but 
instead that speed numbers be determined 
for each developer with which a film or 
flm-screen combination is used. Such 
numbers will therefore represent the speeds 
of film-developer or film-screen-developer 
combinations rather than those of films or 
film-screen combinations alone. This sys- 
tem of designation is entirely reasonable, 
since it is the combined action of film, 
screen, and developer that determines the 
over-all speed of the roentgenographic 
process. 

Specification of Development Time; It 
has been pointed out in the preceding 
section that the speed of a film-developer 
or film-screen-developer combination is 
critically dependent on developing time. 
Therefore some specification of developing 
time must be included in the speed defini- 
tion. It will be seen in Figure 6 that pro- 


longed development yields speed values 
which are minimally affected by develop- 


ment time and which, therefore, are likely 
to be reproducible with greatest consist- 
ency. Such development, however, has 
the disadvantage that it does not follow 
conventional roentgenographic practice; 
furthermore, the high fog levels occasion- 
ally encountered after long development 
introduce problems which are not easily 
resolved and, finally, it is common practice 
to develop roentgenograms to a _ point 
on the steep portion of the density vs. 
development time curve in order to exer- 
cise some control over the density and fog 
ofaroentgenogram. It seems reasonable, 
therefore, to specify that development 
shall be for the normal time recommended 
by the manufacturer of the developer used. 

Specification of Developer Temperature: 
It is well known that the speed of a film- 
developer or film-screen-developer com- 
bination is influenced by the temperature 
of the developer. This is shown in Fig- 
ure 7, in which the relationship between 
the speed and development time of a 
typical film-screen-developer combination 
isillustrated graphically for three different 
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Fig. 7. Effect of developer temperature on the speed of 
a typical film-screen-developer combination 


temperatures. Since 20° C. is widely 
recommended and generally used as a 
developer temperature, this temperature 
has been specified in the speed definition. 

Specification of Agitation During Develop- 
ment: The rate at which development 
proceeds within a roentgenographic film 
is governed in part by the rate at which 
the end-products of development are re- 
moved from the vicinity of the film. One 
may therefore expect that the speed of a 
roentgenographic material will be affected 
by the amount of circulation which the 
developer exhibits during the period of 
processing. Under conventional roentgen- 
ographic conditions, the only circulation 
that occurs within the developer is that 
resulting from convection flow. As such 
circulation is likely to be extremely erratic, 
the resulting data, if sensitometry is per- 
formed under these conditions, will not be 
consistently reproducible. For this rea- 
son, it is necessary to introduce methods 
by which the developer may be caused to 
flow regularly over the film surface. 

In photographic sensitometric labora- 
tories (1), developer circulation is usually 
provided by mechanical agitators con- 
sisting of paddies one or more inches in 
width and extending the length of the test 
film. The paddle surfaces are placed at 
approximately SO° to the surface of the 
film and travel in a direction parallel to 
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Fig. 8. Effect of agitation during development on the 
speed of a typical film-screen combination 


the film surface at a velocity sufficient to 
remove the end-products of development 
from the vicinity of the test film. This 
velocity is determined by measuring the 
speed of several samples of a test photo- 
sensitive material under conditions in 
which paddle speed is varied through a 
wide range. The velocity of motion at 
which the maximum speed of the material 
is obtained is taken as the optimum paddle 
velocity; it usually is in the neighborhood 
of 3.5 inches per second. 

The foregoing system of agitation is also 
applicable to roentgenographic sensitom- 
etry. In Figure 8, the speed of a typical 
film-screen-developer combination is shown 
as a function of paddle speed. It will be 
seen that, when no agitation is present, the 
speed of the film is relatively low. As 
paddle speed increases, however, the speed 
of the combination increases, reaches a 
maximum level which prevails over a 
relatively wide range, and then slowly 
diminishes at high paddle velocities. The 
drop in speed at high velocities apparently 
is caused by the formation of eddy currents 
in the developer which prevent the removal 
of used developer from the film surface. 
From Figure & it seems adequate to require 
that roentgenographic sensitometry be 
performed under conditions in which the 
developer is mechanically agitated by 
paddles moving at an average rate of 2 to 4 
inches per second. 

Specification of Drying Conditions: Some 
evidence (8) hes been presented in the 


literature which indicates that the density 
of a photosensitive material is affected 
by the rate at which the materia] dries 
after processing. In an effort to determine 
the effect of drying conditions on the speeds 
of roentgenographic materials, speed meas. 
urements were made on several typical 
film-screen-developer combinations with 
the films (a) dried in a cabinet without 
ventilation and without heating of the 
air, (b) dried in the open air, (c) dried ina 
cabinet with forced ventilation and with. 
out heating, and (d) dried in a cabinet with 
forced ventilation and with heating of the 
air. These various conditions yielded 
widely different drying rates in the films. 

The results of these tests indicate that, 
under the conditions studied, no significant 
variation occurred in the speeds of the 
several materials. It has therefore been 
decided, for the time being at least, that 
no specification will be adopted in the speed 
definition for the drying conditions of 
films following processing. 

Recapitulation: From the evidence pre- 
sented in the foregoing sections the speed 
of a roentgenographic film-developer or 
film-screen-developer combination has been 
defined for sensitometric testing in this 
laboratory as the reciprocal of the expo- 
sure, measured in deciroentgens, required 
to produce a film density of 1.0 above base 
and fog under the following exposing and 
processing conditions: 

1. The exposure time of the film or 
film-screen combination shall be 1.0 second. 

2. The exposing radiation shall have a 
quality such that its half-value layer 1s 
4.0 mm. of Al. 

3. The ambient temperature of the film 
and screen during exposure shall be 25° C. 

4. The temperature of the developer 
during processing of the film shall be 20° C. 

5. The time of film development shall 
be that recommended by the manufacturer 
of the developer. 

6. Continuous agitation cf developer, 
equivalent to that created by paddles mov- 
ing at an average speed of 2 to 4 inches per 
second, shall be provided during processing 
of the film. 
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Fig. 9 

This definition is likely to yield speed 
data that are consistently reproducible 
under conditions that approach as closely 
as possible those occurring in normal roent- 
genographic practice. In a few instances, 
the specifications of the definition deviate 
somewhat from conventional procedure. 
However, these deviations exist only in so 
far as it is necessary to guarantee repro- 
ducibility of results. Doubtless the speci- 
fications will require alteration from time 
to time as changes in roentgenographic 
procedure occur. These alterations will 
be made as promptly as warranted. 


METHODS OF MEASURING THE SPEEDS OF 
FILM-DEVELOPER AND FILM-SCREEN- 
DEVELOPER COMBINATIONS 
The roentgen sensitometric laboratory 
that has been established at Rockville 
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Apparatus for giving graded exposures of measured roentgenage to test films and film-screen combinations 


comprises a pair of specially designed ex- 
posing and processing rooms by which 
roentgenographic speed measurements may 
be made in compliance with the speed 
definition discussed in the preceding sec- 
tions. The exposing room is maintained at 
a constant temperature of 25° C. The 
nucleus of the exposing equipment included 
in the room is a horizontal optical bench 
(Fig. 9) by which graded roentgen expo- 
sures may be given to films or film-screen 
combinations under test. The bench con- 
sists of a pair of sturdily anchored tubular 
rails on which are mounted a film carriage, 
readily movable from one end of the bench 
to the other, and a roentgen tube, fixed 
in position at one end of the device. By 
varying the distance between the roentgen 
tube and the film carriage, the intensity 
of the radiation exposing the films or film- 
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nected in series across its output terminals 
A generator of the constant potential type 
was chosen for this installation in order to 
maintain the quality of the exposing radia. 
tion as constant as possible. The genera. 
tor includes a synchronous timer adjusted 
to produce exposures 1.0 second in dura. 
tion. Also included in the generator cir. 
cuit are two high-tension switches (Fig. 10) 
arranged to connect the condensers in the 
circuit when the exposure is initiated and 
to disconnect them when the exposure is 
terminated. These switches prevent a 
charging surge at the start of each exposure 


























be .% 
- \ 
Fig. 10. Connection of capacitance to four-valve 


generator for constant potential output. A. X-ray 
tube. B. Valve tube network. C. Capacitors. D. 


High-tension switches. 


screen combinations may be altered at will. 

The film carriage includes an 8 X 10- 
inch cassette holder and is covered by a 
lead protective shield in which a slot, 8 
inches long and 1/2 inch wide, has been cut. 
Also included in the carriage is a mecha- 
nism by which the cassette holder may be 
moved laterally behind the slot in order 
that different portions of the test film may 
be uncovered during successive exposures. 

The roentgen tube, a Machlett Aeromax 
15, is powered by a constant potential gen- 
erator consisting of a conventional four- 
valve, single-phase generator with the 


addition of two 0.015 mfd. condensers con 
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Fig. 11. Relationship of roentgen tube and ioniza- 
tionchamber. A. Roentgen tube target. B. 4-mm’ 
aluminum filter. C. Collimating ports. D. Ioniza- 
tion chamber. F. Shield can enclosing ionization 
chamber and electrometer tube. F. Collimated roent- 
gen beam. 


and a prolonged discharge through the 
roentgen tube at the end of each exposure. 
The roentgen tube is operated at a poten- 
tial of 80 kv.; a filter of 4.0 mm. of alumi- 
num is located in the roentgen beam. The 
quality of the resulting radiation is such 
that its half-value layer is 4.0 mm. of 
aluminum, the quality required by the 
speed definition. 
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The number of deciroentgens received by 
the film during each exposure is measured 
by means of an ionizatior chamber placed 
in the roentgen beam in such a way that all 
radiation striking the film passes through 
the chamber (Fig. 11). An integrating 
electrometer circuit in conjunction with 
this chamber (Fig. 12) serves to measure 
each exposure as it is made. 

The ionization chamber is of the parallel- 
plate, open-air type and is made of rolled 
bervllium 0.2 mm. thick to reduce absorp- 
tion to a minimum. The chamber, colli- 
mating diaphragms, and portions of the elec- 
trometer circuit are mounted as a unit 


1.6 


aii at 





12,500 25 





843 


and a developer temperature of 20° + 
0.02° C. 

Agitation during development is accom- 
plished by means of two stainless steel 
paddle assemblies inserted in the developer 
tank and arranged to move horizontally 
across the film, 1/4 inch from the film 
surface in a simple harmonic reciprocating 
motion. The paddles are driven by an 
electric motor through suitable speed- 
reducing gears to give a paddle speed of 
50 oscillations per minute (an average 
velocity of 3.75 inches per second). The 
distance between blades and the length 
of the travel are so adjusted that there is 
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Fig. 12. 


adjacent to the roentgen tube. The cham- 
ber, however, is located sufficiently far from 
the aluminum filter to prevent a significant 
quantity of scattered radiation, arising in 
the filter, from reaching the chamber. The 
system has been calibrated against the 
standard chamber of the National Bureau 
of Standards. 

The darkroom of the laboratory includes 
a stainless steel processing unit consisting 
of water-jacketed developer and _ fixing 
tanks and conventional washing baths. 
The water in the jackets is continuously 
circulated and solenoid valves, controlled 
by a mercury thermostat, permit hot and 
cold water to enter the circuit alternately 
in order to maintain a constant developer 
temperature. The system provides a 


‘ 


water-jacket temperature of 20° + 0.1° C. 


P= \es 75 
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Electrical circuit of integrating roentgen exposure meter. 


approximately 50 per cent overtravel. 
Thorough agitation is thus assured without 
danger of a static area developing between 
paddles. Furthermore, each paddle is 
inclined to the film surface at an angle of 
about 80°. This serves to produce a 
mixing motion of the developer as well as 
to move it past the film surface. A 
schematic diagram of the paddle assembly 
is shown in Figure 13. 

Speed measurements are made with the 
foregoing equipment by placing the roent- 
genographic film or film-screen combina- 
tion under test in the film carriage of the 
optical bench and giving it a series of 
graded exposures. The amount of each 
exposure given to the film is measured 
in deciroentgens by the ionization chamber 
system through the application of the 
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Fig. 13. 
B. Paddles. C. 


inverse-square law relating roentgen inten- 
sity and tube-film distance. Corrections 
for air absorption of the roentgen beam are 
necessary for tube-film distances greater 
than 50 cm. 

After exposure, the film is processed for 
a length of time recommended by the 
manufacturer of the developer and, when 
dry, is measured densitometrically. Cor- 
rections are then applied for fog density 
according to the Wilsey (9) formula, and 
the resulting densitometric data are plotted 
graphically as a function of the quantity 
of exposing radiation. Thereupon, a curve 
is drawn through the several points and 


the exposure in deciroentgens necessary 
to produce a film density of 1.0 is deter- 


mined. The reciprocal of this exposure 
value is the speed of the film-developer or 
film-screen-developer combination. 

At the present time, speed data on 
commercially available films, screens, and 
developers are being collected as rapidly 
as possible. As this material comes to 
hand it will be published in Public Health 
Reports. From time to time it is hoped 
that summary reports will also be pub- 
lished in the roentgenological journals. 


SUMMARY 


A roentgen sensitometric laboratory has 
been established by the U. S. Public 
Health Service to measure the speed char- 
acteristics of the commercially available 
films, screens, and developing materials 
used in medical roentgenography. The 
data are collected by determining under 


Schematic diagram showing top view of developer agitation mechanism. 
Reciprocating drive mechanism. 


A. Roentgenographic film. 


rigidly controlled conditions the exposures 
or quantities of roentgen radiation, meas. 
ured in deciroentgens, necessary to pro- 
duce film densities of 1.0 in the film-devel- 
oper or film-screen-developer combinations 
under test. The speeds of various com- 
binations are then calculated from the recip- 
rocals of the exposure data. 

As the laboratory proceeds with 
program, information on the speed char- 
acteristics of many roentgenographic films, 
screens, and developers will be published 
regularly. It is hoped that such informa- 
tion will not only fe of technical value to 
roentgenologists but will also constitute 
a constant stimulus to the roentgen indus- 
try to improve its products. 


Johns Hopkins Hospital 
Baltimore 5, Md. 
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SUMARIO 


La Sensibilimetria de la Peliculas y las Pantallas Roentgenograficas 


El Servicio de Sanidad Piblica de los 
E. U. A. ha establecido un laboratorio 
roentgenosensibilimétrico para medir las 
caracteristicas de velocidad de las peliculas, 
pantallas y sustancias reveladoras em- 
pleadas en la roentgenografia médica y 
puestas a la venta. Los datos se compilan 
determinando, en condiciones rigidamente 
comprobadas, las exposiciones o cantidades 
de irradiacién roentgen, medidas en de- 
cirroentgens (0.1 r), que se necesitan para 
producir densidades de pelicula de 1.0 en el 
revelador de peliculas o en las combina- 
ciones de reveladores de peliculas-pantallas 
en vias de comprobaci6én. Las condiciones 
estipuladas son: tiempo de exposicién, 1.0 
segundo; calidad de la irradiacién de 
exposici6n tal que su capa de hemirreduc- 
cién sea 4.0 mm. de aluminio; temperatura 


durante la exposicién, 25° C.; temperatura 
del revelador, 20° C.; tiempo de revelado, 
el recomendado por el fabricante del 
revelador; agitacién continua del revelador 
equivalente a la creada por paletas que se 
movieran a una velocidad media de 5 a 10 
cm. por segundo. Las velocidades de 
varias combinaciones se calculan por las 
reciprocas de los datos de exposicién. 

A medida que el laboratorio prosiga con 
sus planes, publicara con regularidad datos 
relativos a las caracteristicas de velocidad 
de muchos reveladores, peliculas y pantallas 
roentgenograficas esperando que esta in- 
formacién no sélo sea de valor técnico para 
los radidélogos sino que constituya un cons- 
tante aliciente a la industria roentgeno- 
l6gica para mejorar sus productos. 





Relationships Between Chemical and 
Biological Effects of Ionizing Radiations 


RAYMOND E. ZIRKLE, Ph.D. 
Institute of Radiobiology and Biophysics, University of Chicago, Chicago, IIl. 


N RADIOBIOLOGY we are interested in 
I chemical effects of ionizing radiations 
only in so far as they may be involved in 
biological effects... As background for 
discussion of this relationship, let us briefly 
review the general state of our knowledge 
(or ignorance) of mechanisms of radio- 
biological actions: 

1. The first event in such an action is, 
of course, the absorption of radiant energy 
by molecules in the biological object or its 
medium. The molecules which thus ac- 
quire energy in excess of normal are said 
to be activated. Some absorb so much 
energy that electrons are ejected; these 
molecules are said to be ionized. Others 
absorb less energy; electrons are merely 
shifted to other orbits; such molecules are 
said to be excited. The foregoing physical 
processes are at present fairly well under- 
stood, and many aspects of them can be 
described quantitatively. 

2. After the absorption of energy, our 
knowledge of the radiobiological action is 
practically zero until the biological effect 
occurs. This effect—depending upon the 
biological object irradiated, the conditions 
of irradiation, the technic of observation, 
and a multitude of other factors—may be 
the mutation of a gene, the breaking of a 
chromosome, an increase in permeability 
of a membrane, an inhibition of cell divi- 
sion, a leukopenia, induction of a neoplasm, 
death of an animal, or any one of many 
other radiobiological phenomena. In all 
these diverse cases, however, there is no 
apparent resemblance between the bio 
logical effect and the initial physical phe- 


nomena associated with the absorption of 
energy. 

3. From the foregoing considerations, 
it is evident that, during the so-called 
‘latent period” which intervenes between 
the energy absorption and the observation 
of biological effect, a chain of important 
connecting events must occur. So far as 
I am aware, the specific nature of these 
events is in all cases unknown, as is also 
the number of successive events in the 
chain. However, in general it appears 
highly probable—and most physicists and 
radiobiologists have long considered it 
almost axiomatic—that at least the early 
events in the chain are chemical. 

Indeed, it is exceedingly difficult to 
imagine a mechanism of radiobiological 
action which does not involve chemical 
changes. The biological end-effects are 
changes in either physiology or morphol- 
ogy, these terms being used in the broad 
sense. The physiological changes clearly 
are changes in cell chemistry or are the 
results thereof. Moreover, when we re- 
call that biological structures are built by 
chemical means, we can hardly imagine a 
morphological change which does not in- 
volve chemical change. Let us also con- 
sider the early part of the mechanism of 
radiobiological action. The high-energy 
radiations can ionize any type of molecule, 
and we may be confident that many kinds 
of molecules in the cell are thus highly 
activated under irradiation. Once a pair 
of ions is formed, they may do one of two 
things: They may recombine, in which 
case no change is produced in the cell. 


* Presented at the Thirty fourth Annual Mecting of the Radiological Socicty of North America, San Francisco, 
Calif, Dec. 5-10, 194% 
* It might be helpful to comment on the terms “biological’’ and “chemical” as used here. 
tures, of course, consist of chemical substances, and biological activities are made up of chemical and physical 


processes 
A chemical composition and chemical reaction: 
on the term “‘biological.”’ 


Biological struc- 


When we know something of the molecules involved in the structures and processes, we usually speak 
When we are ignorant of the molecules involved, we fall back 
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Or they may form new combinations, 
either with other radiation-produced ions 
or, more likely, with the much more nu- 
merous non-activated molecules in the cell. 
This production of new combinations is, 
by definition, chemical reaction. In other 
words, it would appear, from this type of 
reasoning, that chemical reaction is the 
only way in which the initial physical act 
of ionization may start any kind of change 
in the biological object.* This conclusion 
js substantiated by numerous experimental 
observations that various cellular con- 
stituents, ranging in complexity from 
molecular oxygen to the most complicated 
proteins, undergo chemical change when ir- 
radiated in vitro in aqueous solution. 

Henceforth I shall assume that chemical 
effects do intervene between energy ab- 
sorption and observation of the biological 
effect. There remain to be discussed 
(a) the nature of these chemical reactions 
and (b) the manner in which they lead to 
the biological effect. 

How many kinds of chemical reaction 
are directly initiated by irradiation of a 
living cell? At first thought, the upper 
limit on the number of possible ones would 
appear to be enormous, because (a) the 
known kinds of molecules in a cell number 
at least in the hundreds, and the total is 
probably much greater; (b) the ionizing 
radiations are capable of activating any 
of these many molecular species; and (c) 
there is the possibility that any type of 
activated molecule may react with any 
type, activated or non-activated, in the 
cell. 

Actually, the foregoing considerations 
lead to an exaggerated estimate of the 
number of kinds of reactions produced. 
In the first place, many kinds of molecules 
will not be affected. For instance, 1,000 
roentgens of x-radiation ionize only about 
one molecule in ten million in a typical 
cell. Accordingly, those molecular species 


* Similar reasoning can be applied to the excited 


(but not ionized) molecules. These may lose their 
activation energy by some process which restores the 
molecule to normal—e.g., emission of low-energy radi 
ation—or they may react with other molecules, /.¢., un 
dergo chemical change 
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which occur only in small numbers per 
cell‘ stand a high probability of not being 
ionized and of not being close enough to 
an ionized molecule to react with it before 
it reacts with something else. In the 
second place, some of the possible new 
combinations of ionized molecules with 
other molecules are energetically impossible 
or highly improbable. 

However, despite these factors tending 
to reduce the actual number of kinds of 
reaction, the figure still is probably quite 
high. This, occurring at the outset of 
the radiobiological action, makes the un- 
raveling of the mechanism appear at first 
glance practically hopeless. The situation 
does not seem so bad, however, when one 
reflects that, after all, not all the types of 
reaction which occur are necessarily in- 
volved in any given biological effect. 
That this must indeed be true is supported 
by the following observations. 

First, for several diverse biological ef- 
fects (11, 19, 20, 23) it has been demon- 
strated that irradiation of the cell nucleus 
is far more effective than irradiation of 
cytoplasm. Accordingly, in such cases, 
we can locate the pertinent reactions, or at 
least the early ones, in a definite morpho- 
logical fraction of the cell. Second, when 
different radiobiological effects are studied 
in the same species of cell, it is sometimes 
found that the quantitative relationships 
between dose and the various effects can 
be altered in different ways by the same 
agent. For instance, Gray and his co- 
workers (9, 10) studied the effectiveness of 
various radiations in lethal action and in 
inhibition of mitosis in the root of the 
broad bean. They found that for both 
effects the efficiencies of the radiations 
varied with their specific ionization,’ but 
that the quantitative relations between 
efficiency and specific ionization were dras- 
tically different in the two cases. Another 
instance: Crabtree (3) used variations in 
temperature to alter the partial inhibition 


‘It is to be remembered that many molecular species 
of extreme importance (genes) occur only one or two 
per cell 

® This is discussed later in more detail 
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by radiation of various metabolic processes 
in surviving tissues. All of the radio- 
biological effects varied quantitatively with 
temperature, but in widely different ways. 

Experimental results like those just 
described are completely unexplainable on 
the assumption that all types of radiation- 
induced chemical reactions in the cell 
contribute significantly to each biological 
effect. On the other hand, they are com- 
pletely consistent with the view that each 
biological effect is due to a limited number 
of specific types of reactions. Reaction 
types which play a role in a given biological 
effect are termed relevant to that effect. 
All others are irrelevant to it, although cer- 
tain ones may be relevant to other effects 
in the same biological object. 

When do the relevant reactions occur? 
The first ones must occur very soon after 
the ions are formed, because the average 
life of an ion is a millionth of a second or 
less. If reaction does not occur within 
that time, the ions recombine and no 
net change occurs. The later relevant 
reactions obviously take place during the 
remainder of the “latent period,”’ which, 
depending upon the nature of the biological 
effect and the technic of observation, may 
last anywhere between a few minutes and 
a few decades. 

It is of further interest to consider the lo- 
cation of the relevant reactions. It is plain 
that the very first ones must occur close 
to the locations of the ions immediately 
after their formation, because the short 
life of the ions permits them little time to 
diffuse or otherwise be moved away. 
From the ionization process we obtain a 
very light negative ion (the ejected elec- 
tron) and a heavy positive ion (the residual 
molecule). Usually the energy absorbed 
is somewhat greater than that required to 
eject the electron, and the excess appears 
as kinetic energy of the two ions, their 
movement being in opposite directions. 
Because of its relatively great mass, the 
positive ion gets a very small fraction of 
this energy and stays practically at the 
point where ionization takes place (except 
for the influence of diffusion and convec 
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tion, which must be small during the life of 
the ion). The negative ion (electron) 
accordingly gets practically all of the 
kinetic energy and, being light, it starts 
off with fair velocity and may go some little 
distance (on a molecular scale) before it js 
brought to thermal equilibrium by collj- 
sions with neighboring molecules. Thys 
the positive and negative ions are sepa. 
rated immediately after formation. Lea 
calculates that this separation is of the 
order of 15 millimicrons in the case of an 
alpha-particle track in water (16). 

The foregoing spatial considerations are 
concerned with events on a molecular scale. 
Let us now consider the sites of reaction 
on a larger scale. If the first reactions 
occur near the points where ions are formed, 
then the sites of the individual early 
reactions must have substantially the 
same distribution as the _ ionizations. 
About this we have considerable informa- 
tion. Wilson cloud-chamber photographs, 
which record the location of ions in gases, 
show that the ion pairs are not produced 
singly at random in an irradiated volume 
but are distributed along the tracks of the 
speedy ionizing particles (electrons or 
atomic nuclei) which either constitute the 
primary radiation (e.g., alpha or beta rays) 
or are secondary to other types (e.g., x-, 
gamma, or fast-neutron rays). Moreover, 
these photographs reveal considerable in- 
formation about the distribution of the ion 
pairs along the tracks. They are not 
always single but are frequently in clusters 
consisting of two or more pairs, the average 
number being three (13). The clusters, 
moreover, are not uniformly spaced along 
the tracks but are closer together the less 
the speed of the ionizing particle. This 
means that the ion pairs are, on the aver- 
age, closer together near the end of the 
track than at the beginning. 

The number of ions produced per unit 
length of track of ionizing particle is called 
the specific ionization or linear ion density. 
Not only does it vary along the track of an 
individual ionizing particle, but it is widely 
different at comparable positions along 
the tracks of different types of particles, 
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eg., electrons and alpha particles. Al- 
though the Wilson photographs, it is true, 
reveal the foregoing facts about ionization 
tracks in gases only, additional physical 
data and theory make it relatively safe to 
assume that the picture in an irradiated 
cell is substantially the same, except re- 
duced in dimensions about a factor of a 
thousand. 

In view of the marked differences in 
distribution of the ion pairs, and accord- 
ingly of the early chemical reactions, along 
the ionization tracks, one might wonder 
whether this distribution might affect the 
efficiency of the radiation per ion pair, or, 
putting it otherwise, alter the biological 
effectiveness of the early relevant reac- 
tions. This is indeed the case. Over a 
hundred investigations are to be found in 
the literature, in each of which two or 
more radiations producing substantially 
different specific ionization were used in 
producing the same biological effect. In 
practically all of these experiments the 
various radiations were found to vary in 
biological effectiveness with their specific 
jonizations. (See reference 25 for review.) 

Looking at the picture on a microscopic 
rather than submicroscopic scale, we may 
make a few more comments about the 
location of the early relevant reactions. 
It has already been mentioned that. frac- 
tional irradiation of parts of cells has shown 
that, in production of several different 
biological effects, ions produced in the cell 
nucleus are much more effective than those 
produced elsewhere. In these cases, the 
early relevant reactions obviously take 
place in the nucleus, although in some 
cases the end-effects—e.g., inhibition of 
chlorophyll formation (23)——are observed 
outside the nucleus. 

Let us consider another example of 
locating the early relevant reactions. Vari- 


ous types of chromosome aberrations have 
been much studied and have been reviewed 
by Lea (15) and by Catcheside (2). All 
of them can be shown, by cytogenetic 
methods, to be due to breaks induced either 
in chromosomes or half-chromosomes (chro 
matids). 


Accordingly, the radiochemical 
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reactions of interest are those relevant 
to breaks. The highly localized nature of 
the breaks strongly suggests that all the 
relevant reactions occur very close to the 
location of the break and, indeed, probably 
originate with ions produced along a track 
which passes through or very near the 
chromosome. However, this assumption, 
unsupported, turns out to be rather naive 
when it is found that certain dissolved 
substances, such as nitrogen mustards, can 
also produce chromosome breaks. Since 
these chemicals certainly are not applied 
locally to portions of chromosomes——even 
though they might concentrate in such a 
fashion—it is plain that radiation might 
produce a substance extrachromosomally 
which nevertheless could produce the 
breaks. 

To support the idea of early relevant 
reactions in or near the chromosome, more 
evidence is needed, and it is now available 
in apparently sufficient amount. Rather 
typical of this evidence is the following 
(2). To produce certain types of chromo- 
some aberration (exchanges), it is necessary 
that both chromosomes be broken. When 
these aberrations are produced by fast 
neutrons, their number varies directly with 
dose, but when produced by x-rays the 
number varies with the square of the dose. 
Now, if the relevant reactions occur dis- 
tant from the chromosomes, either of 
these two dose-effect relationships would 
be consistent if it held for both types of 
radiation, because the hypothetical sub- 
stance producing the breaks would have to 
diffuse a considerable distance and accord- 
ingly there should be no appreciable effect 
of the submicroscopic differences in dis- 
tribution of the ions and the early relevant 
reactions produced by the two types of 
radiation. However, since the dose-effect 
relations are not the same, the only way 
in which distant reactions can still be 
invoked is to postulate different relevant 
reactions, and this seems to be highly un 
likely. In contrast to all these difficulties, 
it is easy to explain the observed dose 
effect relations in terms of relevant re 
actions in the chromosomes. If one 
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assumes that the neutrons, known to pro- 
duce a relatively short length of dense 
ionization tracks, break both chromosomes 
simultaneously, while the x-rays, known 
to produce a great length of sparse tracks, 
break only one chromosome at a time, the 
two types of dose-effect relation are math- 
ematically predictable. Such an assump- 
tion, of course, implies highly localized 
relevant reactions. Since the assumption 
is logically tenable, the idea of localization 
of the reactions is supported.° 

As a further example of locating the 
early relevant reactions, we may consider 
certain biological effects which are reduced 
in amount by adding certain organic sub- 
stances to the medium of the cell for the 
duration of irradiation (5,17). Since some 
of these substances (e.g., proteins) almost 
certainly do not penetrate the cell mem- 
brane, it seems reasonable to conclude that, 
in the production of these biological effects, 
the early relevant reactions must occur in 
the medium rather than in the cell. Later 
relevant reactions must, of course, occur 
at the cell surface (or possibly even inside 
the cell after cellular absorption of prod- 
ucts of the early relevant reactions). 

Let us now consider the chemical nature 
of the relevant reactions. Here we must 
invoke our present knowledge of the chemi- 
cal constitution of the cell, of the radia- 
tion chemistry of its constituents in vitro, 
and of the natures of the biological end- 
effects. 

The end-effects observed are mostly 
deleterious and are usually qualitative ab- 
normalities—such as chromosome aberra- 
tions or inhibition of cell division—al- 
though quantitative changes in normal 
cellular processes are also sometimes ob- 
6 It may be noted that chromosome breaks appear 
to be effects which can be handled by the target theory, 
one feature of which is the assumption that the perti- 
nent radiobiological events are localized in small (usu- 
ally submicroscopic) volumes in which “‘hits’’ must be 
produced. It is sometimes stated that the idea of 
relevant radiochemical reactions conflicts with target 
theory. However, there appears to be no conflict if one 
visualizes the relevant reactions occurring in highly 
localized fashion at various points along the ionization 
tracks. If enough relevant reactions occur close 
enough to an important small volume, they constitute 


a hit. Some biological effects may result from ‘‘hits,”’ 
others from less localized relevant reactions 
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served. There are two general means by 
which such changes might be accomplished: 
(a) the chemical destruction of an important 
molecular species, such as an enzyme, 
vitamin, or gene, and (0) the production of 
a molecular species which, in the broad 
sense, acts as a stimulus to the cell—for 
instance, a poison such as the much dis. 
cussed hydrogen peroxide. In the latter 
case, the molecular species produced might 
be completely new to the cell or it might be 
normal to the cell but produced in excess, 
In any event, either a destruction or a 
production must be accomplished through 
chemical changes in molecules normally 
in the cell. 
As pointed out earlier, any kind of mole- 
cule present in the irradiated cell may be 
ionized and accordingly stands a chance of 
being chemically altered. There is, how- 
ever, one molecular species which is several 
times as abundant as all others taken 
together—the water molecule. Most of 
the molecules ionized are water molecules. 
Can a biological end-effect be due to a 
destruction of water molecules, thus de- 
priving the cell of part of its water? This 
seems highly improbable. It has already 
been remarked that a reasonably large 
exposure (1,000 r) ionizes only about one 
molecule in ten million. If one ion pair 
should result in the destruction of one 
water molecule—and it appears unlikely 
that the yield of the reaction would be of a 
higher order of magnitude—the fraction 
of the water destroyed would be negligible 
from the standpoint of deprivation. Even 
if the yield were surprisingly high and a 
fairly large fraction of the water were thus 
removed from the cell, in most cases the 
cell would merely absorb water from its 
medium until the deficit was restored. 
On the other hand, the ionized water 
molecules (or products of their reactions) 
might undergo relevant reactions with 
other cellular constituents. Indeed, im 
numerous investigations (e.g., 8, 4, 7) it 
has been found that various cell constitu 
ents, ranging in complexity from molec- 
ular oxygen to enzymes, are altered i 
irradiated when dissolved in water, and 
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that the quantitative relationships are 
consistent with the idea that they are 
altered by reaction with products formed 
from water. The radiochemical yield is 
independent of concentration of solute: 
so long as the molecules of dissolved sub- 
stance are few in number compared to those 
of the water, the concentration of solute 
can be changed within wide limits without 
changing the number of molecules under- 
going chemical reaction per unit dose. 
This is called the ‘‘dilution effect.’’ It is, 
of course, unexplainable on the assumption 
that the solute molecules react as a result 
of their own ionization, for in such case the 
number of molecules changed per unit 
dose should be strongly dependent upon 
solute concentration, rather than independ- 
ent, as observed. On the other hand, it is 
completely consistent with the view that 
the solute molecules react with ionized 
water molecules or reaction products re- 
sulting from them. 

Substantiation of this latter view is 
furnished by the so-called ‘‘protection 
effect.”” When to a solution containing 
a single solute a second solute is added 
(e.g., 4, 7), it is frequently observed that 
the number of molecules of the first solute 
changed per unit dose is reduced, and that 
the extent of this ‘‘protection’’ depends 
upon the relative concentrations of the 
two solutes. This is, of course, exactly 
what would be expected if the two solutes 
were both capable of reacting with the same 
product (or products) of water ionization 
and were competing for it. It is interest- 
ing to note a biological parallel, namely, 
that, in studying inhibition of fertilizing 
ability of sea-urchin sperm, Drs. Evans 
and Failla and their co-workers (5) have 
observed both the dilution effect and the 
protection effect. 

I do not mean to imply in the last few 
paragraphs that all radiochemical reactions 
in cells must be initiated by ionization of 
water and are therefore of an indirect type. 
Direct reactions, due to ionization of the 
solute, must occur, although the yields are 
likely to be small compared to the indirect 
effects. Indeed, such solutes as enzymes 
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can be chemically changed by irradiation 
in the dry condition, but the doses required 
to change a given percentage are usually 
greater by a factor of some hundreds or 
thousands than the ones equally effective 
on the same substance in dilute aqueous 
solution. Again it is interesting to note a 
biological parallel: Structures such as 
spores and seeds are much more resistant 
when dry than when moistened (12, 14). 

Whatever may be the ultimate answer 
to the question of relative radiobiological 
importance of direct and indirect reactions, 
there is no doubt that at present most 
radiobiologists find the indirect reactions 
the more exciting, not only because of the 
reasons given above but also because their 
postulation appears the more fruitful in 
terms of new experiments suggested and 
designed. A great stimulus has been given 
this field by the recent theory of Weiss 
(21), according to which the ionization of 
water results in the formation of free hy- 
droxyl radicals and hydrogen atoms which 
then undergo reactions with cell constitu- 
ents, at least some of which are relevant 
to the end-effect. The main events, ac- 
cording to Weiss, are as follows: The 
passage of an ionizing particle ionizes 
water: 


radiation 
H,O emeineaeenes 4 H,O* + e-. (1) 


The positive water ion dissociates, 


H.O+ — H+-+ OH, (1.1) 


forming a hydrogen ion and a hydroxyl 
radical. The electron becomes attached 
to a normal water molecule, 


e-~+ H.O0 — H,0O-, (1.21) 


and the resulting negative water ion dis- 
sociates to yield a hydroxyl ion and a free 
hydrogen atom: 


H:O — OH- + H. (1.22) 


The electron may alternatively, but prob- 
ably rarely, combine with a hydrogen ion 
to form a free hydrogen atom: 


H+ +e — H. (1.3) 


In addition to the foregoing reactions fol- 
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lowing the ionization of water, OH radicals 
may be formed by ejection of electrons from 


hydroxyl ions normally present in water: 


radiation 


OH- + OH+e- (2) 


The resulting electron may, of course, pro- 
duce H atoms by reactions (1.22) and 
Since OH™~ ions are much less 
numerous than water molecules, reaction 


(1.3). 


(2) probably occurs much less frequently 
than reaction (1). 

After the hydroxyl radicals and the 
hydrogen atoms are formed, what can be 
predicted about their further history? 
If they are close enough together, they may 
recombine (21): 

H+OH — H,O, 


with the result that no net change occurs. 
However, as Lea has pointed out (16), the 
distance between H and OH is usually so 
large on a molecular scale that other things 
are likely to happen before diffusion brings 
them together. Some of the other things 
which may happen are as follows: If 
molecular oxygen is present (and it is in 
most cells), hydrogen peroxide may be 
formed by action of the free hydrogen 
atoms: 
H+0O, — HOQn, 
2HO, — HzO. + Or. 


Many investigators have observed H,O, 
production in water containing oxygen, and 
the formation of this poison has often been 
invoked as a mechanism of radiobiological 
injury. Other reactions which may occur 
are oxidations such as ferrous to ferric ion, 


Fe** + OH — Fet** + OH-, 
and iodide ion to iodine, 
I~ + OH — J+ OH 
2] —~ Is, 


and reductions such as ceric to cerous ion, 


Cett+*++ + H » Cettt + Ht 


These oxidoreduction reactions and many 
others have been observed to occur in 
irradiated aqueous solutions, and since it 
is well known that many important cell 
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constituents, such as sulfhydryl containing 
compounds, may be functionally changed 
by oxidation or reduction, it seems highly 
plausible that reactions of this type may be 
radiobiologically important. . 

Until a few years ago, there was a serious 
difficulty in accepting the reactions ob. 
served in vitro as relevant to biological 
effects. This was the fact that in general 
the doses required to produce biological 
effects were tens or hundreds of times 
smaller than those required to produce 
an amount of chemical change which 
plausibly might cause biological change. 
However, Dale (4) and others have recently 
shown that certain cell constituents 
(chiefly enzymes), when highly purified 
and irradiated in dilute aqueous solution 
with 100 r or less, are inactivated to an 
extent which conceivably might produce 
biological changes. There is still the 
objection that the irradiation in vitro 
does not accurately tell us what would 
happen quantitatively to the same sub- 
stance when irradiated in a living cell, 
where all manner of protective (competing) 
substances might be present. However, 
the experiments prove that at least some 
important cell constituents are intrinsically 
radiosensitive enough that their radio- 
chemical reactions in the cell might be 
relevant to biological effects. 

Another glimpse of a possible explana- 
tion of radiosensitivity in vivo is furnished 
by the very recent work of Mazia (18), who 
finds not only that the enzyme pepsin is 
very radiosensitive when irradiated in a 
monomolecular film consisting of enzyme 
plus substrate (egg albumin), but that 
the sensitivity is markedly decreased by 
increases in surface pressure which may be 
expected to alter the structure of the film. 
This gives us a hint that morphology on the 
molecular scale may have much influence 
on radiosensitivity. 

From the foregoing discussion we see 
that many radiochemical reactions of cell 
constituents are known to occur in vitro 
and that it appears reasonable that at 
least some of these known reactions, and 
probably many additional unknown ones, 
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occur in an irradiated cell. If we are 
interested in one certain biological effect, 
can we identify one or more of these many 
reactions as relevant to that effect? Such 
is our present state of ignorance that I 
must regretfully admit that I know of not 
a single case in which such relevance has 
been unequivocally established. And yet, 
obviously this is a step which we must 
learn to take in radiobiological research if 
we are to make substantial progress in 
understanding mechanism. 

In view of the importance of the subject, 
it might be profitable to inquire: What 
is required to establish relevance? The 
minimal procedure would seem to be as 
follows: First, a specific radiochemical 
reaction must be suspected of relevance to 
a given biological effect. Second, if the 
reaction is known only im vitro, it must be 
proved to take place in the irradiated cell’ 
and, moreover, it must occur before the 
biological effect. Third, if the reaction 
passes the foregoing preliminary tests, it 
must be connected with the biological effect. 

The first of these three steps is compara- 
tively easy and has been taken many times. 
In practically every case where a known 
cellular constituent has been altered by 
irradiation 7m vitro, this reaction has been 
suspected of relevance to biological effects. 
The second step is much more difficult, 
because it involves qualitative chemical 
analysis in the intact cell. However, it 
does not appear entirely hopeless; we may 
take encouragement from work such as 
that of Caspersson (1), who analyzes for 
such substances as proteins and nucleic 
acids in the intact cell. 

The third step is perhaps the most diffi- 
cult. By what procedure can connection 
bedemonstrated? In general, there would 
seem to be a direct method and an indirect 
one. Given an indefinite amount of time, 
the direct approach might work. It con- 
sists of working out in detail the history 
of the molecules in the cell from the mo- 
ment of absorption of radiation to the time 
of observation of the effect. This obvi 


’ If the relevant reactions occur in the medium rather 
than in the cell, the general argument is unchanged. 
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ously is the desirable way to do it because, 
not only is connection proved, but the 
entire mechanism of radiobiological action 
is revealed. However, such a method 
involves technics and a knowledge of cell 
chemistry and physics which are unavail- 
able today and probably for many years to 


come. In fact, today the chance of using 
this method appears fantastically improb- 
able. 

On the other hand, connection might be 
established with a fairly high probability 
by an indirect method. If, by a variety 
of means, the dose required to produce a 
given degree of the observed biological 
effect can be varied to a readily measurable 
extent, and if the yield of the radiochemi- 
cal reaction can be shown to vary, both 
in direction and extent, in a manner consist- 
ent with its being the causation of the 
biological effect, then we may deduce that 
connection has been established with a 
reasonable degree of probability—at least 
with probability sufficient to justify the 
risk of further experimental time and 
effort. 

Let us consider an example of the appli- 
cation of the above three steps in estab- 
lishing relevance. It was early suspected 
that alteration of proteins might be rele- 
vant to biological effects, and when irradia- 
tion of certain protein solutions tm vitro 
(6, 22) resulted in flocculation, the first 
step had been accomplished; a reaction 
known to occur in vitro was plausibly sus- 
pected of relevance. So far as I know, 
nobody has yet demonstrated flocculation 
of proteins in the cell; the second step is 
accordingly not yet accomplished. Never- 
theless, a beginning has been made on the 
third step. When, during irradiation, the 
intracellular PH of Drosophila eggs or 
germinating fern spores (24) is modified 
in graded fashion by exposure to various 
concentrations of penetrating acids and 
bases such as carbon dioxide, hydrogen 
sulfide, and ammonia, it is found that their 
radiosensitivity exhibits maxima at defi 
nite concentrations of acid or base. This 
behavior has a striking resemblance to 
that of proteins im vitro because their 
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flocculation is maximal when the pH of 
the medium is kept at or near the iso- 
electric point during irradiation. Here is 
a crude beginning of the third step, the 
biological effect and the suspected radio- 
chemical reaction being connected by 
virtue of the observation that the dose- 
effect relations are changed in the same 
unusual fashion by graded alteration of the 
same experimental factor. The third step 
is, of course, far from satisfactorily com- 
plete; connection needs to be demon- 
strated by altering the dose-effect relations 
by changes in other experimental condi- 
tions such as dose rate, specific ionization, 
temperature, etc. Moreover, the third 
step cannot be completed until the second 
step—demonstration of radiochemical floc- 
culation in the cell—has been accom- 
plished. 

As investigation proceeds as indicated 
above, it may well result, in this instance, 
in a proof of irrelevance rather than of 
relevance. Nevertheless, the example 
given illustrates the sort of laborious pro- 
cedure which may be used in arriving at an 
understanding of the mechanisms of radio- 
biological actions. 

Today, with ionizing radiations becom- 
ing more and more prominent as a factor 
in our everyday environment, it is vital 
that we come to understand these mech- 
anisms. It is evident that the difficulty 
of our attaining such understanding is 
indeed formidable, yet it is not necessarily 
discouraging. It is, indeed, extremely 
gratifying to see the present surge in radio- 
biological research in this country and 
elsewhere. At present our chief handicap 
in this research is shortage of personnel, 
especially of certain types. We have 
never had enough physicists in radio- 
biology and we are shorter than ever today, 
considering the increase in radiobiological 
effort. Moreover, it is now evident that 
if we are to work out the radiobiological 
mechanisms, we must have chemists. 


At present there are scarcely any in the 
field. Somehow, the important oppor- 
tunities in radiobiology must be brought to 
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the attention not only of biochemists byt 
also of physical and organic chemists, 


Institute of Radiobiology and Biophysics 
University of Chicago 
Chicago 37, IIl 


REFERENCES 


1. CaspEersson, T.: Die Eiweissverteilung in den 
Strukturen des Zellkerns. Chromosoma 1: 562-604 
1940. ' 

2. CATCHESIDE, D. G.: Survey of Effects of Radia. 
tion on Chromosomes. Brit. J. Radiol., Suppl. 1: 1947 
pp. 66-74. , 

3. CRABTREE, H.G.: Differential Effect of Radium 
Radiation on Carbohydrate Metabolism of Normal 
and Tumour Tissues Irradiated at Low Temperature. 
Biochem. J. 29: 2334-2343, 1935. 

4. Dae, W. M.: Effect of X-Rays on Aqueous 
Solutions of Biologically Active Compounds. Brit. J. 
Radiol. 16: 171-172, 1943. 

5. Evans, T. C., SLAUGHTER, J. C., LiTTLe, E. P, 
AND Faria, G.: Influence of the Medium on Radia- 
tion Injury of Sperm. Radiology 39: 663-680, 1942. 

6. FERNAU, A., AND SPIEGEL-ADOLF, M.: Physi- 
kalisch-chemische Untersuchungen bestrahlter Proteine. 
V. Die Veranderungen des Seralbumins bei Einwirkung 
durchdringender Radiumstrahlung und ihre Bezie- 
hungen zur Hitze- und Lichtgerinnung. Biochem, 
Ztschr. 204: 14-27, 1929. 

7. Forsssperc, A.: Mechanism of the Action of 
X-Rays on Enzymes in Water-Solution. Nature 159: 
308-309, 1947. 

8. Fricke, H.: Chemical Properties of X-Ray 
Activated Molecules with Special Reference to the 
Water Molecule. Cold Spring Harbor Symp., Quant. 
Biol. 3: 55-65, 1935. 

9. Gray, L. H., Mottram, J. C., Reap, J., axp 
Spear, F. G.: Experiments upon Biological Effects 
of Fast Neutrons. Brit. J. Radiol. 13: 371-388, 1940. 

10. Gray, L. H., AND Reap, J.: Effect of Ionizing 
Radiations on the Broad Bean Root. Brit. J. Radiol. 
15: 11-16, 39-42, 72-76, 320-336, 1942. 

11. HensHaw, P. S.: Action of X-Rays on Nu- 
cleated and Non-Nucleated Egg Fragments. Am. J. 
Cancer 33: 258-264, 1938. 

12. HensHaw, P. S., AND Francis, D. S.: Con- 
sideration of the Biological Factors Influencing the 
Radiosensitivity of Cells. J. Cell. & Comp. Physiol. 7: 
173-195, 1935. 

13. Kara-MIcHAILova, E., AND Lea, D. E.: Inter- 
pretation of Ionization Measurements in Gases at 
High Pressures. Proc. Cambridge Philos. Soc. 3 
(1): 101-126, 1940. 

14. LALLEMAND, S.: Variations de radiosensibilité 
des graines de Lens esculenta et de Pisum sativum au 
cours de leur hydratation. Compt. rend. Soc. de biol. 
109: 1284-1287, 1932. 

15. Lea, D. E.: Actions of Radiations on Living 
Cells. New York, Macmillan Co., 1947. 

16. Lea, D. E.: Action of Radiations on Dilute 
Aqueous Solutions: Spatial Distribution of H and OH. 
Brit. J. Radiol., Suppl. 1, 1947, pp. 59-64. 

17. Levin, B. S., AND PrrFauct, C.: Action des 
milieux de culture contenant des mélanges de lécithine 
et de cholestérine sur la radiorésistance des protoz0- 
aires. Compt. rend. Soc. de biol. 116: 861-864, 1934. 

18. Mazia, D., AnD BLUMENTHAL, G.: Inactiva- 
tion of Enzyme-Substrate Films by Small Doses of X- 
Rays. Proc. Nat. Acad. Sci. 34: 328-336, 1948. _ 

19. Petrov, J.: Uber die verschiedene Wirkung 
von Alpha-Strahlen auf Kern und Plasma der Zelle. 
Beih. bot. Centralbl. 61A: 399-430, 1942. 








acuc 
solu 
por 

cani: 
Cier 
diluc 
vadc 
sas i 
orga 
vado 








1949 


but 


den 


dia- 
947, 








Vol. 52 


20. VINTEMBERGER, P.: Sur les effets d’applica- 
tions de rayons X localisées soit au protoplasme, soit a 
la région nucléaire de la cellule. Compt. rend. Soc. 
de biol. 99: 1968-1971, 1928. 

21. Weiss, J.: Some Aspects of the Action of Radia- 
tions on Aqueous Solutions. Brit. J. Radiol., Suppl. 1, 
1947, pp. 56-58. ; 

92. Wets, P., AND THIELE, A.: Der Einfluss der 
Réntgenstrahlen auf Eiweisskérper. II. Mitteilung. 
Arch. ges. Physiol. (Pfliigers) 209: 49-64, 1925. 


CHEMICAL AND BIOLOGICAL EFFECTS OF RADIATIONS 855 


23. ZIRKLE, R. E.: Some Effects of Alpha Radia- 
tion upon Plant Cells. J. Cell. & Comp. Physiol. 2: 
251-274, 1932. 

24. ZirRKLE, R. E.: Influence of Intracellular 
Acidity on the Radiosensitivity of Various Organisms. 
J. Cell. & Comp. Physiol. 16: 301-311, 1940. 

25. ZIRKLE, R. E.: Radiobiological Importance of 
Specific Ionization. (Review.) Manhattan Project 
Report CH-946 (to appear in Nat. Nuclear Energy 
Series, Div. IV, Vol. 22D). 


SUMARIO 


Relaciones entre los Efectos Quimicos y Bioldgicos de la Radiacidén Yonizante 


Como el protoplasma es un sistema 
acuoso, la quimica de la irradiacién de las 
soluciones acuosas reviste interés particular 
por la luz que puede lanzar sobre los me- 
canismos de los efectos radiobioldégicos. 
Ciertos fenémenos, tales como el efecto de 
dilucién y el efecto de “‘proteccién,”’ obser- 
vados comtinmente en las soluciones acuo- 
sas irradiadas de sustancias inorganicas y 
organicas simples, han sido también obser- 
vados después de la irradiacién de solucio- 





nes de enzimas y virus y de suspensiones 
de células aisladas. Ademas, ciertos fac- 
tores experimentales, tales como el pH y la 
yonizacién especifica, afectan de modo 


semejante la efectividad quimica y bio- 
légica de las radiaciones yonizantes. 

Es importante llevar los aportes de la 
radiobiologia al conocimiento, no sélo de los 
bioquimicos, sino también de los fisio- y los 
organoquimicos. 








Structural Differences in Bone Matrix 
Associated with Metabolized Radium! 


FRANK E. HOECKER, Ph.D. 
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HE METABOLISM of radium in the body 
has. been a matter of concern since 
attention was first directed to radium 
poisoning by Blum (1) and Martland (2). 
Subsequent investigations (3, +) have con- 
firmed early suggestions that radium ab- 


A 


dearth of quantitative data associated 
with observable physiological effects. So 
far as is known, no suitable rapid method 
of preparing the hundreds of bone sections 
necessary for such studies has been devel- 
oped. The advent of nuclear energy and 























Fig. 1. Details of bone-sectioning instrument. A. 


Motor. B. Motor mounting 


blocks which permit rotation of the motor about a horizontal axis perpendicular to the 


plane of the paper. C. Saw blade. D. 


cover slip resting on upper surface of bone to retain cut section. F. 


Bone mounted in bioplastic. E. 


Flexible 
Cover slip clamp. 


G. Wire for adjustment of pressure between cover slip and bone. H. Index arm 


for adjustment of attack angle of saw. 


sorbed by an animal is eventually depos- 
itedin the skeleton. A few autoradiograms 
of human and experimental animal bones 
have shown that the radium isnot uniformly 
distributed, but no quantitative measure- 
ments of its distribution have been pub 
lished. Considerable uncertainty as to 
radium tolerance exists because of the 


Carriage way. J. Bone carriage. 

the possibility of human radioactive con- 
tamination have served to emphasize the 
need for such studies and for technics by 
means of which they can be made. 

This paper presents preliminary results 
of studies of the distribution of radium in 
certain rat bones containing metabolically 
deposited radium. It describes, also, re- 


1 Presented at the Thirty-fourth Annual Meeting of the Radiological Society of North America, San Francisco, 


Calif., Dec. 5-10, 1948 
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cently developed bone sectioning and 
autoradiographic technics which greatly 
facilitate the study of the distribution of 
radioactive substances in bone. 

Material for study was prepared by 
intraperitoneal injection of radium chloride 
in physiological saline into 12-week-old 
Wistar rats. The distribution of the 
radium which was metabolically deposited 
in the bones of these rats was studied 
autoradiographically through alpha-par- 
ticle tracks in nuclear track plates (East- 
man NTB). So far, tibias and femurs 
have been chiefly studied. The matrix of 
these bones has been examined micro- 
scopically and photomicrographically for 
changes in structure and for differentiated 
areas associated with radium deposits. 

EXPERIMENTAL TECHNICS 

The microscopic investigation of radium 
distribution in bone and its relation to the 
cellular structure of the bone matrix re- 
quired the development of a new method of 
bone sectioning. Such studies demand the 
examination of hundreds—perhaps thou- 
sands—of bone sections. Older methods 
of preparation were much too slow and 
laborious. Moreover, in many cases bones 
from animals as much as two years old 
were studied, and the method described 
by Axelrod (5) is not easily applicable to 
old bone. 

(1) Bone Sectioning Method: To elimi- 
nate the difficulties mentioned above, a 
method of cutting sections of uniform 
thickness, thin enough for microscopic and 
photomicrographic examination, has been 
developed. A small circular saw blade 
an inch in diameter and 150 microns thick, 
mounted on the shaft of a small, variable 
speed motor, was substituted for the knife 
blade on a brain microtome. Figure 1 
isa diagram of the essential constructional 
features, while Figure 2 is a photograph 
of the instrument. 

Several precautions must be taken in 
order to ensure uniform thickness of cut 
sections. The motor armature must be 
ball-bearing mounted to prevent end play, 
and the motor mounting must be very 
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Se 


Fig. 2. Bone-sectioning apparatus showing motor 


mounting and arrangement for clamping flexible plastic 
cover slip in contact with upper end of bone 


heavy to ensure rigidity. In addition, 
the motor mounting must permit a small 
amount of rotation of the motor about a 
horizontal axis perpendicular to the direc- 
tion of motion of the bone carriage. This 
must provide a very rigid but fine adjust- 
ment of the angle of attack of the saw 
blade, in order to eliminate any tendency 
on its part to cut out of or too deeply into 
the bone. 

The bone to be sectioned was embedded 
in bioplastic. After this material solidi- 
fied, it was trimmed by means of a hand 
grinding tool so as to leave a thin shell 
of bioplastic surrounding the bone. A 
portion of the bioplastic extending beyond 
the end of the bone was left in the form of a 
block to permit clamping in the movable 
carriage of the microtome. The carriage 
was then moved in the conventional man- 
ner, but much more slowly, so as to feed 
the bone to the saw. The speed of the 
saw was controlled by means of a variable 
transformer. The cut section was retained 
on the lower side of a plastic cover slip, 
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Fig. 3. Detail of nuclear track plate developing rack 
made entirely of lucite. 


one end of which was clamped to the micro- 
tome carriage in such a manner that the 
opposite end rested on the squared end of 
the bone which formed the upper side 
of the cut section. 

Sections may be cut in this manner at 
the rate of at least one a minute. Serial 
sections may be cut along the full length of 
the bone, with the loss of only about 150 
microns of bone between sections. These 
are of uniform thickness, which may be as 
little as 30 microns. Figure 6 is a photo- 
microgram of a typical bone section cut by 
this method. 

(2) Autoradiographic Method: The cor- 
relation of radium distribution in each 
bone section with the structural details of 
the matrix necessitated the development 
of a special autoradiographic technic, which 
permitted exact registry to be retained be- 
tween the alpha-particle track image of 
the radium distribution and the alpha- 
particle sources in the bone section. This 
problem was greatly magnified by the 
necessity of removing the bone sections 
from the nuclear track plate after exposure 
to permit developing solutions to reach 
the emulsion under the section and to 
avoid immersing the section in the solu- 
tions. It was found desirable, also, to 
remove the bone section for photomicro- 
graphic purposes. It then had to be re- 


turned to exactly the position it occupied 
on the nuclear track plate during exposure. 

These requirements were met by mount- 
ing six or eight bone sections at the end 
of one side of a transparent plastic cover 
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slip. The opposite end of this cover slip 
was then cemented to the emulsion side of 
a nuclear track plate with the bone sections 
in contact with the emulsion. The sec. 
tions were pressed in intimate contact 
with the emulsion during exposure. 

At the end of the exposure period, the 
nuclear track plate with attached cover 
slip was placed in a plastic developing 
rack, as shown in Figure 3. The end of 
the flexible cover slip to which the bone 
sections were attached was lifted away 
from the emulsion and held above the 
surface of the developing solutions by the 
rail until the development process was 
completed. 

Following development, the bone sec- 
tions and their respective autoradiograms 
were examined microscopically. Photo- 
micrographs of interesting fields in the 
bone matrix and the associated alpha- 
particle tracks were made. The best 
photomicrographic results were obtained 
by lifting the end of the cover slip with 
attached bone sections away from the 
nuclear track and focusing the microscope 
directly on the alpha-particle tracks, as 
illustrated by Figure 4. The bone sections 
were then allowed to fall back to their 
original positions and the microscope was 
focused upon them. 

Careful tests have been made to deter- 
mine whether this method provides and 
maintains exact registry between the bone 
section and the alpha-particle image of the 
radium distribution. No evidence of slip- 
page has been found. 


RESULTS 


While it has long been recognized that 
the radium distribution in the bone matrix 
is non-uniform, the variations to be ex- 
pected in the volume density have not 
been known. 

Possible understanding of the effects 
of radioactive substances deposited in 
bone depend upon knowledge of the 
manner in which the substance is deposited 
and of maximum volume densities to be 
found. This is true particularly as regards 
the mechanism by which bone sarcomas are 
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) induced by radium. It has previously have been superimposed in registry as 
f been assumed that the effects of radium in during the original exposure. 
$ the body of an animal must necessarily be Examination of large numbers of bone 
> proportional to the total quantity fixed in sections and their autoradiograms appears 
t the bones. This may be true as regards to affirm an invariable association of areas 
acute effects resulting in the development of optical density with localized concen- 
; of anemia. It may not necessarily be true trations of radium in the bone. It cannot 
r as regards the development of bone sar- be definitely stated, at this time, that there 
; comas usually associated with chronic is a metabolic relation between the dark- 
radium poisoning. ened areas and the localized radium de- 
Microscopic studies of alpha-particle posits. If there is such a relationship, 


autoradiograms in these experiments have however, it appears that the radium is con- 
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Fig. 4. Method of studying alpha-particle tracks on the nuclear track plates. This technic eliminates the 
necessity of focusing through the reverse side of the slide and interference due to passage of light through the 
bone section. 


disclosed minute localizations of radium at centrated in this manner because of the 
various points in the bone matrix and the presence of these differentiated areas rather 
periosteum which seem to bear no simple than the reverse. This conclusion is based 
relationship to the total radium in the on the observation of differentiated areas 
bones. One type of localization is illus- unaccompanied by heavy deposits of ra- 
trated by the alpha-particle autoradio- dium. The microscopic details of the 
gram of Figure 5. When this is compared optically dense regions do not show well in 
with the photomicrogram of the bone the photomicrogram, but careful study 
section, reproduced in Figure 6, the high seems to disclose a higher density of 
alpha-particle densities are observed to canaliculi in these areas. 

coincide with areas of increased optical Concentrated deposition of radium is 
density in the bone matrix. This coin- observed to be associated with another 
cidence may be more clearly shown by the type of differentiation in the bone matrix. 
composite photomicrogram of Figure 7, in This is illustrated by the autoradiogram of 
which the autoradiogram and bone section Figure 8 and by the accompanying bone 
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Fig. 5. Photomicrogram of alpha-particle track autoradiogram resulting from the presence of radium in a thin 
section of a rat tibia. Exposure, forty hours. The distance between points of intersection of horizontal lines with 
the vertical line is 180 microns 

Fig. 6. Photomicrogram of the portion of the bone section of which Fig. 5 is the autoradiogram. The rat 
from which this tibia was taken received 30 micrograms of radium chloride intraperitoneally at the age of twelve 
weeks and was sacrificed fourteen days after injection. Radium burden at death was 6.9 micrograms. 


section, Figure 9. Here again a clearly 
defined differentiated line within the bone 
matrix is seen to be the site of heavy dep- 
osition of radium. In this case, however, 
the dense region in the bone appears to 
have resulted from the injection of the 
radium. The low-power photomicrogram 
of the bone section, Figure 10, shows a well 
defined line of high optical density which 
is approximately concentric with the mar- 
row cavity. In this case, the radium had 
been injected when the rat was twelve 
weeks old, five months previous to the date 
of killing. The inner ring of seemingly 
normal matrix is believed to represent bone 
growth before the radium injection. The 
ring of differentiated bone is believed to 
have been laid down coincident with the 
deposition of the radium. This conclusion 

Fig. 7. Composite print of the negatives of Figs. 5 


and 6 superimposed in exact registry, as during the 
autoradiographic exposure. 
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Fig.8. Photomicrogram of a portion of an autoradiogram of a section of rat tibia. Exposure, forty-seven hours 
Fig. 9. Photomicrogram of the portion of the bone section of which Fig. 8 is the autoradiogram rhis rat re 


ceived 40 micrograms of radium chloride injected intraperitoneally at the age of twelve weeks and was sacrificed 
five months after injection. 


Fig 10 
Fig. 11 


Low-power photomicrogram of a portion of the bone section of which a part ts shown in Fig. 9 
Low-power photomicrogram of the autoradiogram of the area of the bone section shown in Fig. 10 
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Fig. 12. Photomicrogram ofa portion of an autoradiogram of a section of rat tibia. Exposure, forty hours. 
Fig. 13. Photomicrogram of the portion of the section of rat tibia of which Fig. 12 is the autoradiogram. 
This animal received 30 micrograms of radium chloride at the age of twelve weeks and was sacrificed fourteen 


days after injection. 


is based on the fact that the radium con- 
centration, Figure 11, coincides exactly 
with this optically dense ring. Subsequent 
normal bone growth corresponds to the 
portion outside the dense ring. 

Perhaps the most interesting localiza- 
tion is the type shown in Figure 12. The 
alpha-particle track pattern appears to 
emanate from a radioactive deposit in a 
region of very dense bone (Fig. 13) con- 
fined to an extremely small volume, esti- 
mated at 5 X 10°cubicmicrons. The tissue 
in the immediate region of a radium locali- 
zation of this type must, of course, receive 
a very heavy bombardment by alpha 
particles. The ionization produced in any 
given minute volume of tissue during a 
reasonably long period of time, say twenty- 
four hours, will depend upon its location 
with respect to the radium deposit. Micro- 
scopically, this deposit does not appear 
to be a point source. On the other hand, 
the autoradiogram indicates that, as the 
center is approached, the number of alpha 
particles per unit volume increases rapidly. 


Consequently, it is extremely difficult to ex- 
press the tissue dose due to alpha-particle 
bombardment in terms of roentgens or 
roentgen equivalents. The problem is 
complicated further by the high specific 
ionization due to alpha particles and the 
consequent greater biological effectiveness. 

However, the average ion density may 
be estimated, and, when this is converted 
to roentgens on the basis of 1.62 xX 10” 
ion pairs per gram of tissue, some idea of 
the alpha-particle tissue dose may be ob- 
tained. 

An estimate of the tissue dose due to the 
alpha particles has been made, as follows. 
A reduced (twelve-hour) autoradiographic 
exposure of this area was made. This 
resulted in an alpha-particle track density 
such that the tracks emanating radially 
from the localization area could easily be 
counted. An arbitrary circle of 25 mi- 
crons radius was drawn about the center 
of the radium locus. Then all alpha- 
particle tracks which, when projected back 
toward the center, pass through this arbi- 
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trary circle are considered to originate from 
radium deposited within a volume of which 
this circular area is the great circle. 

Since a means has not yet been devised 
for locating the saw cut with reference 
to the center of the deposit, it has been 
assumed, for purposes of this estimate, 
that the arbitrary circle coincides with the 
center of the deposit. Any error involved 
in this assumption tends to reduce the 
estimated dose. It is assumed further 
that the nuclear track plate has registered 
one-fourth of all the alpha particles emitted 
from the radium in this volume. 

It seems reasonable that the maximum 
volume of bone in which these alpha 
particles would have expended their ener- 
gies is a volume having as its radius the 
radius of the arbitrary circle plus the 
maximum range of an alpha particle in 
bone. This range is not known accurately 
but has been assumed to be 25 microns. 

The total number of ion pairs produced 
by the alpha particles per gram of tissue 
has been calculated on the basis of the 
above assumptions. The approximate 
average tissue dose thus obtained for the 
radium locus of Figure 12 is 500 roentgens 
per twenty-four hours in the volume con- 
sidered. It must, of course, be evident 
that many assumptions are involved in 
this estimate, which may have to be 
revised at a later date, but estimates made 
in other ways yield doses of nearly the same 
value. 

Any tissue receiving such a dose would, 
of course, be killed. It seems, therefore, 
safe to assume that there will be a more or 
less spherical volume of tissue associated 
with this type of localized depos.i which 
will be killed soon after the deposition of 
the radium. This volume of dead tissue 
would enlarge with time as the total 
cumulative dose at the boundary reached 
the lethal value. There will at all times 
be a surrounding volume of tissue which 
has received a sublethal dose, but which 
is subjected to continual bombardment. 

A high incidence of osteogenic sarcoma 
has been repeatedly demonstrated in hu- 
man victims of radium poisoning and in 
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Fig. 14. 


Composite print of the negatives of Figs. 
12 and 13 superimposed in exact registry, as during ex- 
posure. 


laboratory animals which have received 
radium by injection and otherwise. These 
sarcomas have been attributed to the 
presence of radium in the bones, although 
the precise manner in which the sarcomas 
might be induced has received little atten- 
tion. 

These studies have demonstrated the 
existence of microscopic localizations of 
radium deposited metabolically in the 
bones of rats. Consideration of the tissue 
dose due to alpha-particle bombardment 
and the resultant tissue reaction in the 
sublethal dose border region may offer a 
reasonable basis for a theory of the pro- 
duction of bone sarcomas in chronic radium 
poisoning. Further studies along this line 
are being intensively pursued. 

Nore: This work has been sponsored by the Office 
of Naval Research under contract N6onr 260-T.O.-1. 
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SUMARIO 
Diferencias Histoldgicas en la Matriz Osea Asociada con el Radio Metabolizado 


Los siguientes son los resultados pre- 
liminares de los estudios de la distribucién 
del radio en ciertos huesos de ratas que 
contenian radio depositado metabédlica- 
mente. Después de inyectar cloruro de 
radio en suero fisiol6gico en las ratas, se 
determiné autorradiograficamente la dis- 
tribucién del radio en los huesos rastreando 
las particulas alfa en placas de trazos 
nucleares (NTB Eastman). La matriz 
ésea fué estudiada microscépica y micro- 
fotograficamente en busca de alteraciones 
histolégicas y de zonas diferenciadas asocia- 
das a los depdésitos de radio. Para este fin 
se introdujo una técnica especial de cortes 
de huesos, asi como una técnica autorradio- 
grafica ad hoc, que permite retener la rela- 
cién exacta entre la imagen de los rastros de 
particulas alfa del radio distribuido y los 
focos de particulas alfa en el corte éseo. 

El examen de grandes cantidades de 


cortes 6seos y de sus autorradiografias 
parecié establecer una asociaci6n invariable 
de zonas de densidad 6ptica con concentra- 
ciones localizadas de radio en el hueso, 
Por ahora, no cabe afirmar positivamente 
que exista relacién metabdlica entre las 
zonas oscurecidas y los depésitos de radio. 
Sin embargo. de existir dicha relacién, 
parece que el radio se concentra en dicha 
forma debido a la presencia de dichas 
zonas diferenciadas, mas bien que lo con- 
trario. 

Dedticese que el estudio de la dosis 
histol6égica debida al bombardeo por parti- 
culas alfa y la consiguente reaccién histo- 
l6égica en la regién colindante con la dosis 
subletal puede aportar una base légica para 
una teoria de la produccién de osteosar- 
comas en la intoxicaci6n crénica con radio. 
Los estudios en este sentido prosiguen 
intensamente. 


DISCUSSION 


(Papers by Jacobson, Marks, and Lorenz, in March issue, p. 371; Zirkle; Hoecker and Roofe) 


Titus C. Evans Ph.D. (Iowa City, lowa): The 
report by Dr. Jacobson is very interesting, but some- 
what disturbing. The reasoning on which most 
radiotherapy is based is that rapidly multiplying 
immature cells are more radiosensitive than mature 
and mitotically inactive ones. It might be con- 
cluded from the data just presented that the above 
generalization is in error. I believe that we should 
keep an open mind until we decide whether these re- 
sults indicate an exception to the general rule, a new 
phenomenon, a confusion of terminology, or an in- 
complete picture. 

As regards terminology, it seems that we must de 
cide whether radioresistance means that few cells are 
destroyed or that many cells survive. In Dr. Jacob- 
son's experiments, the number of cells present during 
or soon after irradiation is increased by certain stim- 
uli. About as many cells in the hyperplastic marrow 
survive a certain radiation exposure as survive in 


bone marrow irradiated without the growth stimu- 
lus. However, more cells have been destroyed in 
the case of the hyperplastic marrow. Now, let us 
compare two cases of lymphoid leukemia: One pa- 
tient has a white cell count of 200,000, which, after a 
relatively small dose, is reduced to say 8,000. This 
is a tremendous effect. In another patient, a blood 
count of let us say 18,000 is reduced by the amount of 
radiation to perhaps 4,000. The relative effect has 
been much greater in the case of the very hyperplas- 
tic leukemia, yet the appearance of the bone marrow 
in the latter case must have indicated that there 
were fewer residual cells. 

If it turns out that experimental modification of 
cell number at the time of irradiation affects the per- 
centage of cells surviving, then it would appear that 
the chief radiation effect was an indirect one. If, how- 
ever, the effect is indirect, then a certain number of 
molecules of a toxic material would be produced; a 
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number of cells would be affected; and the percent- 
age effect would depend on whc.her we had one or a 
hundred cells per molecule of the poison. Such indi- 
rect effects may be due to ‘activated water,”’ hydro- 
gen peroxide, or histamine-like substances. 

"4 third possibility is that, under the additional 
stimulus, surviving cells are able to regenerate the 
bone marrow more rapidly than usual. There are 
many very interesting problems in connection with 
this study, and I am sure that Dr. Jacobson will not 
stop at this point but will carry his experiments on 
even more extensively. 

As to Dr. Zirkle’s paper, I feel that I should men- 
tion that we all recognize the important role played 
by his study of the effects of alpha particles. We 
have become aware of the effect of specific ioniza- 
tion, and those who used to argue about the effects 
of wave lengths have been brought to a better un- 
derstanding of this subject because of this type of 
work. 

One is tempted, in a study of effects on cells ina 
suspension, to attribute some importance to effects 
produced, not on the cells themselves, but in the wa- 
ter molecules which indirectly affect the cells. The 
work is too detailed to go into at this time. The ex- 
posures required to demonstrate ‘‘activated water’”’ 
are higher than the usual therapeutic range. 

One of the poisons produced that can be identified 
is hydrogen peroxide, and we are interested in know- 
ing if hydrogen peroxide could account for the entire 
biological effect. We have found that it does not. 
If we increase the exposure tremendously, we are able 
to produce enough hydrogen peroxide in the water to 
have, in turn, an effect on the cells that have them- 
selves been unirradiated. Not only will the hydro- 
gen peroxide eventually kill the cells, but it will affect 
cell division. Now, one of the main things that has 
kept our feet on the ground regarding hydrogen per- 
oxide, I believe, is that we are all aware that there is 
an enzyme in the cells called catalase, whose appar- 
ent function is to destroy hydrogen peroxide. It is 
supposed that this is perhaps the only function of 
this enzyme in the cell metabolism. It is there to de- 
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stroy the hydrogen peroxide normally produced dur- 
ing the process of respiration, so that it will not be 
toxic. Therefore, in supposing that radiation might 
have a basic effect on cells in the production of hy- 
drogen peroxide, one would have to assume that 
radiation would destroy the catalase. Some of us 
have attempted to learn something about this. We 
irradiated the catalase after it had been extracted 
from the cells and found that it was very radiosensi- 
tive in dilute solutions, as Dr. Zirkle has indicated. 
It was more resistant in concentrated solutions. Ad- 
dition of albumin, for example, would protect the 
enzyme even in dilute suspensions. However, if we 
irradiated the cells and then extracted the irradiated 
catalase, we found only a slight effect, and this ef- 
fect was not increased with increase in dosage. As 
we increased the exposure time, we would increase 
the number of cells destroyed, as well as the delay 
in cleavage, so that these effects and that of catalase 
destruction were not at all parallel. We are at a loss 
to explain the effects, even though there are certain 
similarities. It must be that there is something 
more basic; that the general effect is one of oxida- 
tion, similar in a general way to the action of hydro- 
gen peroxide. 

This particular poison, however, is only one of 
many possible agents, and I might say in passing 
that we are very interested in the findings indicating 
that certain enzymes are very sensitive—these nu 
cleic acid studies, etc. What worries me most is that 
most of these effects are temporary, while the effects 
that we see in the cells are continuous and are con- 
tinually growing worse, from the standpoint of in- 
creasing entropy or loss of potential energy, so that 
eventually the cell seems to wear out. 

I think Dr. Hoecker has demonstrated that he has 
the technic which will give him the information that 
he is after, and I believe that it has already given 
some information on this subject. The dense areas 
which he describes are very interesting. It would be 
of value to know whether they represent affected 
areas or whether they exist normally and are regions 
with a particular affinity for radium. 











Individualizing the Tumor Dose in Carcinoma of the 
Uterine Cervix by Means of a Simple Caliper 


JOSEPH B. JARVIS, M.D. 
Tacoma, Wash. 


T IS THE PURPOSE of this paper to present 
I a new instrument, a simple caliper, 
which is believed to offer an accurate, 
rapid, and convenient method of individ- 
ualized treatment of carcinoma of the 
uterine cervix, based on actual tumor dose. 
This caliper permits direct skin-to-cervix 
measurement. While the method is ad- 
mittedly less precise than some of the more 
elaborate technics described in the litera- 
ture, it does offer, especially to the busy 
radiologist with limited personnel and 
equipment, a procedure whereby the entire 
treatment plan in any individual case may 
be worked out in a matter of minutes. 

The accompanying illustration (Fig. 1) 
demonstrates the general features of the 
instrument. One rod—the vaginal piece— 
has a straight, free shaft which is calibrated 
linearly in centimeters from the tip. An 
obtuse angle (about 120 degrees) near the 
hub permits easier use for posterior meas- 
urements. The other rod is curved 
throughout its length to give clearance to 
the body parts. Thecentimeter calibration 
on the flat pieces is shown on both sides 
of the caliper for convenience. 

The purpose of the centimeter scale on 
the straight rod is to obtain a measurement 
of the cephalad location of the cervix 
beneath the anterior abdominal wall in 
relation to the inferior margin of the pubic 
symphysis, establishing the cephalad-cau- 
dad position of the treatment field. This 
linear calibration is of no value for deter- 
mining the cephalad-caudad location of the 
posterior treatment fields, since there is no 
bony landmark immediately posterior to 
the vagina to serve as a guide, and the 
bony contour in this region does not permit 
localization by this means. ‘The posterior 
fields are measured to the center of the 
sacrosciatic notches. 


* Accepted for publication in April 1948. 


The caliper is used in the following man- 
ner: The patient is prepared for pelvic 
examination in the usual position. The 
examiner introduces the straight rod into 
the vagina, guiding its tip to the cervical 
os (or lesion) with the fingers of one hand. 
While this tip is kept accurately in contact 
with the os during all measurements, the 
other hand swings the curved rod into posi- 
tion on the skin surface of the abdomen 
at the approximate center of the treatment 
fields to be used, and the operator reads 
the distance between the opened tips, 
which corresponds precisely to the thick- 
ness of the tissues traversed by the inci- 
dent central beam of radiation in reaching 
the cervix. 

The anterior measurements are made 
with the patient supine, preferably with 
the thighs not flexed, so that the anatomi- 
cal relationship will correspond as nearly 
as possible to that which exists during 
treatment. The posterior measurements 
are best made with the patient prone, but, 
if the examining table in use does not allow 
a prone position suitable for the procedure, 
the patient can be turned to the left side 
for the right posterior and to the right side 
for the left posterior measurements. A 
direct lateral measurement can be made 
by having the patient flex the thighs so 
that the curved rod can be brought later- 
ally in the horizontal plane of the cervix. 
After all of the desired measurements from 
the skin surface (at the center of the treat- 
ment fields) to the os have been obtained, 
standard depth dose tables are consulted, 
and a treatment plan based on actual tu- 
mor dose (cervix dose) is calculated in the 
manner described by Camiel and Blatz. 

Since the measurements obtained corre- 
spond essentially to the “effective depth” 
as defined by Camiel and Blatz, their sys 
tem of dosage calculation is employed to 


866 








Vol. 5 


dete 
for 
dete 
bles 
per 
tum 
the 
of tt 
Fi 


meas 
rior | 
obliq 
fields 
in ait 
for tl 
direc’ 
0.5 n 
50 en 
cm. f 
doses 
2 plu: 
i 3 De 
polatio 




















Vol. 52 


determine the number of treatments needed 
for each field in order to obtain a pre- 
determined tumor dose. Depth dose ta- 
bles readily indicate the ‘“‘effective dose” 
per 100 r in air at each field. The desired 
tumor dose is then divided by the sum of 
the ‘effective doses’ to find the number 
of treatments needed for each field. 

For example, let us suppose the following 
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given to each field, then the effective dose 
at this rate is 348 r (174 r X 2). Let N 
be the number of treatments needed for 
each field when a total tumor dose of 
4,000 r is desired and we see that 
, _ desired tumor dose 
~ gum of effective doses 
4,000r 
348r 


= 11.5 treatments. 





Fig. 1. 


calibrated in centimeters along its inner surface. 


measurements were obtained: two ante- 
rior oblique fields 13 cm.; two posterior 
oblique fields 15 cm.; two direct lateral 
fields 15cm. The effective dose per 100 r 
in air is 33 r for the anterior oblique, 27 r 
for the posterior oblique, and 27 r for the 
direct lateral fields, at 200 kv.p., with 
0.5mm. Cu plus 1.0 mm. Al filtration, 
50cm. target-skin distance, and 10 X 15- 
em. fields? The sum of the effective 
doses for a single cycle is 174 r (83 r X 
2plus 27 r X 4). If 200 rin air are to be 


? Depth dose for 10 * 15 em. field obtained by inter- 
polation. 





Showing the essential features of the caliper. 


rod is 


The straight (vaginal 
Each of the calibration lines on the 
flat piece indicates one centimeter; each five centimeters are emphasized by longer lines 
and figures. 


Twelve treatments would give a tumor dose 
of 4,176 r. 

With this method of determining the 
cervix depth from the center of oblique 
treatment fields, it is not at all uncommon 
to find the measurements to be in excess 
of 10 cm. So slight a thickness has been 
encountered only in the small, frail pa- 
tient. It is likely, therefore, that most 
patients should be treated through more 
than four fields and that those having 
measurements in excess of 13 cm. should 
be given air doses of more than 200 r per 
treatment in order to complete the series 
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in approximately four weeks. The higher 
skin doses probably can be tolerated well, 
since the greater number of fields will per- 
mit a longer recovery period between treat- 
ments administered to the same field. 
It is also likely that those patients having 
measurements greater than 15 cm. should 
have the external irradiation divided into 
two courses at intervals of two to three 
months, with intracavity radium appli- 
cation during the rest period. 

It is realized that external irradiation 
is only one of the radiologist’s methods 
of treatment, and that, especially in 
patients of great thickness, the other 
technics (radium and transvaginal roent- 
gen therapy) must be utilized in a co- 
ordinated manner in order to reach the 
goal of a full, cancerocidal dose to the 
primary. lesion and its advancing exten- 
sions. It is hoped that this caliper may 


play a part in the evolution of an irradia- 
tion attack whereby there may be delivered 
to every neoplastic cell in the cervix, pelvic 
ligaments, and regional lymph channels a 
lethal injury without exceeding the toler- 
ance limit of the patient. 

It is possible that a similar caliper on a 
smaller scale might be useful in determina- 
tion of the depth dose in other accessible 
orifices, such as the mouth. 


SUMMARY 
A simple caliper is described for assist- 
ance in accurate, individualized determina- 
tion of the actual tumor dose in carcinoma 
of the cervix. 


522 Medical Arts Bldg. 
Tacoma, Wash. 
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SUMARIO 


La Individualizacién de la Dosis Tumor en el Carcinoma del Cuello Uterino por Medio 
de un Sencillo Compas 


El sencillo compas aqui descrito ayuda a 
individualizar la dosis tumor en la irradia- 
cién externa por carcinoma del cuello 
uterino. Introducida una rama del com- 
pas en la vagina y mantenido el extremo en 
contacto con la boca cervical (o la lesién), 
la otra, encorvada adecuadamente (véase 
el grabado), es girada a su_posicién en la 
cara del abdomen en el centro aproximado 
de los campos predeterminados para tra- 


tamiento. Luego se lee en una escala cali- 
brada la distancia entre las dos puntas del 
compas, correspondiendo la misma al espe- 
sor de los tejidos que tiene que atravesar el 
haz de rayos X para alcanzar el cuello. 

Después de determinar las mediciones 
deseadas de los varios campos, se consultan 
tablas guias para la dosis y la profundidad y 
puede trazarse un plan terapéutico basado 
en la real dosis tumor. 
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Effects of Continuous Radiation 
on Chick Embryos and Developing Chicks 


J 


II. Bone Marrow, Lymphoid Tissue, and Peripheral Blood 
SHIELDS WARREN, M.D., and FRANK J. DIXON, M.D. 


HE FOLLOWING description of the 
T chects of lethal and sublethal con- 
tinuous radiation on the bone marrow, 
lymphoid tissue, and blood of chick em- 
bryos and developing chicks, by means of 
the isotope P*’, is the second part of a 
study embracing all the tissues in these 
subjects and including measurements of 
the localization of the agent within the 
tissues (2). 

The findings described in the first report 
were briefly as follows: 

Radiation caused an over-all growth 
retardation resulting in small but well 
proportioned birds. 

Both testes and ovaries were very radio- 
sensitive, the primitive germ cells being 
the most sensitive element. The sper- 
matogenic cells of the testes remained ex- 
tremely sensitive to radiation throughout 
their development, while the ova became 
more radioresistant as they matured. 

Bone growth was retarded by radiation. 
The cartilage cells of the epiphyses were 
much more radiosensitive than the osteo- 
blasts and osteoclasts. After irradiation 
ceased, the histologic changes were revers- 
ible and the bones regained a normal 
histologic structure but remained dwarfed. 


MATERIALS AND METHODS 

P*®* combined as KH.PO, was injected 
into eggs which were incubated under the 
usual conditions of 38-39° C. and 70-S0 
per cent relative humidity. The incubated 
eggs were divided into groups according to 
the amount and time of injection. In- 
jections varied in amount from 47.5 ue to 
300 ye. At regular intervals embryos 
and birds were selected at random from 


each group, killed by decapitation, and 
studied histologically. 

In order to study radiation effects later 
in the course of development, subcutaneous 
injections of approximately isotonic solu- 
tion of P**? as KH.PO; were made into 
twenty-four chicks after hatching. Doses 
varied from those producing no histologi- 
cally demonstrable effects to those causing 
death. The smallest dose was 115 uc, the 
largest 3,696 ue. 


EFFECT OF RADIATION ON BONE MARROW 


Radiation had its crucial effect on the 
blood-forming tissues. The concentration 
of the radioactive substance within the 
bones caused heavier irradiation of bone 
marrow than of other tissues. 

Hematopoiesis takes place during 
early part of incubation, largely in 
blood islands of the vitelline Be- 
tween the tenth and twelfth day of in- 
cubation, the bone marrow begins its 
hematopoietic function, and several days 
before hatching it is the chief source of red 
blood cells and granulocytes. Blood-form- 
ing marrow develops in all bones, but the 
greatest number of hematopoietic cells is 
found in the long bones and vertebral 
bodies. The liver and spleen do not 
appear to be of importance in hemato- 
poiesis in the embryo or young chick. 

Erythrocytes form within endothelial- 
lined sinuses of the bone marrow, appar- 
ently in communication with the circula- 
tion, and enter the circulation when they 
are mature. Granulocytes are formed in 
the intersinusoidal spaces and after reach- 
ing maturity migrate into the circulation. 

Hemocytoblasts, apparently the stem 


the 
the 


sac. 


' This work was done under Government Contract N5-ori-76 in the Laboratory of Pathology of the Harvard 
Cancer Commission. 


P® supplied by Oak Ridge National Laboratories. 
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Fig. 1. Femoral marrow from eighteen-day 
embryo given 120 uc on fourth day of incubation. 

Marked depletion of marrow with increase in pro- 

portion of undifferentiated immature cells without 

signs of regeneration. Cells are irregularly scat- 

tered rather than in close-packed islands as in 

normal (Fig. 3). 800 
cells of both granulocytes and erythro- 
cytes, are found in the marrow, but most 
of the mature cells are formed by multi- 
plication of early forms which have already 
partially differentiated and are fixed in 
their line of development. 

The range of normal counts determined 
from our control birds during their first 
two months of life is given on Graph I. 
The oval, nucleated, mature erythrocytes 
of the chick measure approximately 12.2 u 
xX 7.3 » and contain hemoglobin in their 
cytoplasm. There are heterophilic, eosino- 
philic, and basophilic granulocytes which 
correspond roughly in appearance and 
relative frequency to their human ana- 
logues. Lymphocytes resemble human lym- 
phocytes and are the most numerous of the 
leukocytes. 

Study of the platelets and the altered 
clotting mechanism of the blood of these 
irradiated chicks will be the subject of a 
subsequent report. 

Ectopic hematopoiesis did not occur in 
any of our birds, even though many of 
them had marked pancytopenia and no 
myeloid hematopoiesis. There were no 
infectious processes seen in chicks with 
prolonged agranulocytosis and lympho- 
penia, such as commonly accompany simi- 


lar blood pictures in mammals. There 
were numerous petechial hemorrhages on 
the serous surfaces and in the muscles 
and lymphoid tissues of the most anemic 
birds, and some pulmonary edema, but 
these findings were almost terminal. 

Our observation covered a period of 
continued growth of the hematopoietic 
tissue. Routine bone-marrow samples 
were obtained from the tibia and femur, 
a cervical, a thoracic, and a lumbar verte- 
bra, and the skull. 

Sublethal continuous irradiation of em- 
bryos had two effects on the bone marrow: 
first, proper maturation of the immature 
hematopoietic cells was inhibited; second, 
mitotic activity was reduced. The effects 
on the granulocytic and red cell series 
were not consistently different. 

In the embryos given 100 uc on the 
eighth or fourteenth day of incubation 
and those given 120 ue on the fourth day 
of incubation, the above effects were 
clearly seen and were most obvious in well 
calcified areas where the radiation was 
heaviest. An increase in the proportion 
of immature forms, especially in the red 
cell series, resulting from reduced matura- 
tion, was first evident within four days, 
reached a maximum in one week, and 
remained a striking feature of the marrow 
for several weeks. During the first several 
days of irradiation, these immature cells 
showed no evidence of injury and displayed 
some mitotic activity, but as radiation 
injury became more severe, the mitotic 
activity was greatly reduced, the number 
of marrow cells decreased, and the pro- 
portion of stem and blast forms increased. 
These cells did not appear able to develop 
into mature blood cells. In the period of 
most severe radiation injury, one to two 
weeks after injection, the marrow con- 
tained one-fourth to one-third the normal 
number of cells. Most of these were 
immature forms and many were deeply 
basophilic, irregular in size and shape, 
showing no mitoses (Fig. 1). Even at this 
time, however, the reticulo-endothelial 
cells appeared to be uninjured. Then, 
two to three weeks after injection, with 
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Fig. 2. 


EFFECTS OF RADIATION ON CHICK EMBRYOS AND CHICKS 


Femoral marrow from hatching chick given 120 uc on fourth day of incubation. 


Un- 


differentiated, immature cells predominate and appear more active than three days previously 


(Fig. 1), but there is still little evidence of maturation. 
Femoral marrow from normal hatching chick. 
only occasional immature forms make up the cords and islands of the marrow. 


Fig. 3. 


irradiated marrow, Figs. 1 and 2). 800 


Fig. 4. Femoral marrow from normal seven-day chick. 
are partially differentiated granulocytes. 
x 800 

Fig. 5. 


xX 800 
Close-packed differentiating cells with 
(Compare with 


Note close packing of cells, most of which 


The reticulo-endothelial and stem cells are not apparent. 


Femoral marrow from seven-day chick given 100 uc on fourteenth day of incubation. Ac- 


tive regeneration is evidenced by many large stem and blast forms, large reticulo-endothelial cells, 


and few irregular large, basophilic cells. 


disappearance of radiation, the marrow 
began to recover (Fig. 2) as the remaining 
immature cells first began to display mitotic 
activity and, several days later, matura- 
tion which resulted in the formation of 
normal adult cells. The reticulo-endo- 
thelial cells were larger than normal (Fig. 5) 
and in a few instances appeared to be 
differentiating into hematocytoblasts, an 
occurrence rarely if ever seen in normal 
hematopoiesis. Complete recovery of 





Most of the cells are still very immature. 
normal seven-day marrow (Fig. 4), where very few of these early forms can be seen. 


Compare with 
x 800 


hematopoietic tissue followed, suggesting 
that no latent effects of radiation injury were 
operating in the first two months following 
irradiation. After recovery, these mar- 
rows showed occasional foci of small un- 
differentiated lymphoid cells, which were 
only rarely seen in unirradiated material. 
There was no regenerative hyperplasia of 
the marrow during our two to three month 
observation period following irradiation. 
The effect of lethal amounts of constant 
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Fig.6. Femoral marrow near lower epiphyseal 
line of normal seven-day chick. Marrow is well 
filled with close-packed, hematopoietic cells. 
x 200 


radiation (180 and 200 uc) on the em- 
bryonic bone marrow was significantly 
different from the effect of sublethal 
doses. Instead of a temporary inhibition 
of maturation and mitoses which resulted 
from the smaller doses, the larger doses 
promptly halted mitotic activity and 
maturation, as seen two to three days 
after injection. As the marrow cells were 
lost, they were not replaced, and after 
about one week of radiation, the number of 
marrow cells was reduced to one-third 
normal, but there was no increase in the 
proportion of immature forms, as seen with 
smaller doses. Many of the immature 
cells of both series were deeply basophilic, 
small, and irregular in shape. The re- 
ticulo-endothelial cells did not appear 
injured. After two weeks of irradiation, 
the marrow showed maximum injury (Fig. 
7). Only a few hematopoietic cells re- 
mained, and they were basophilic, irregular 
and immature, but the reticulo-endothelia! 
cells were still unchanged. The fat cells 
had undergone serous degeneration, with 
division of intercellular fat into numerous 
small droplets and the appearance of aci- 
dophilic granular protoplasm. 

After two weeks, the level of residual 
radiation had apparently fallen below the 
point of suppression of mitosis and matura 


tion and there were early signs of regenera- 
tion on the part of both the few remaining 
immature hematopoietic cells and the 
reticulo-endothelial cells (Figs. 8-10), 
There were scattered islands of stem and 
blast forms, which apparently had arisen 
from residual hematopoietic cells and were 
multiplying and undergoing some differ- 
entiation, although many of the cells of 
the red series were microcytic. The re- 
ticulo-endothelial cells were prominent 
and in several instances apparently gave 
rise to hematopoietic stem cells. This 
regeneration continued but was insufficient 
to prevent the development of a fatal 
pancytopenia several days later. 

Discussion: The extent of the effect 
of radiation on the bone marrow depended 
on the amount given. Yet, regardless of 
the size of the dose, the same two basic 
effects were seen: first, inhibition of normal 
maturation; second, depression of mitotic 
activity. These two factors merely varied 
in degree in the different series of chicks 
previously described. 

That these effects were only temporary, 
since apparently normal maturation and 
mitoses could be resumed after irradiation 
ceased, was well shown in these chicks. 
The sublethal radiation injuries of the 
marrow appeared to be completely re- 
versible. Even the birds in which fatal 
anemia developed showed some regenera- 
tion on the part of the few remaining hem- 
atopoietic and reticulo-endothelial cells 
shortly before death, after radiation had 
decreased. This hematopoiesis, however, 
was not sufficient to maintain a_ blood 
count compatible with life. 

The determining factor in recovery of 
the hematopoietic function after irradiation 
appeared to be the number of hemato- 
poietic cells which escaped fatal radiation 
injury. Even though these cells may have 
appeared distinctly abnormal during the 
height of the radiation injury, at least some 
of those that remained seemed to resume 
normal appearance and function once 
radiation ceased. Also worthy of em- 
phasis is the formation of hematopoietic 
cells from the reticulo-endothelial cells, 
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day of incubation 
with normal shown in Fig. 6. 

Fig. 8. 
of incubation. 


x 200 


Compare with empty marrow of bird from same group examined four days earlier (Fig. 7 
power view of these regenerating islands given in Fig. 10. 





a 





% 


a B 





Fig. 9. 
day of incubation. 


Note mitotic figure near the lower part of the picture. 
lower epiphyseal line of eleven-day chick given 200 uc on four 


Fig. 10. Femoral marrow near 
teenth day of incubation. 
maturing cells (left) illustrate maturation, the 
magnification of this marrow is shown in Fig. 8. 
in Fig. 4.) 800 

suffer relatively little 


which seemed to 


from the radiation. 

With regard to the problem of re-estab- 
lished hematopoiesis after radiation in- 
jury, it follows that, after radiation of the 
marrow has ceased, 


the injured hemato- 


EFFECTS OF RADIATION ON CHICK EMBRYOS AND CHICKS 


Section near lower femoral epiphysis of seven-day-old chick given 2 
Almost no hematopoietic cells are present. 


Section near lower femoral epiphysis of eleven-day chick given 
Early regeneration is evidenced by formation of small islands of hematopoietic cells. 


Regenerating islands are larger than two days previously (Fig. 9) 
second step in the marrow regeneration 
(Compare with normal marrow of seven-day chick 





200 we on the fourteenth 
Fat shows serous change. Compare 


200 we on fourteenth day 


High 
x 200 


Femoral marrow near lower epiphyseal line of nine-day chick given 200 uc on fourteenth 
Two islands of regenerating stem and blast forms show very slight maturation 


X< 800 


Some 
Lower 


poietic tissue, composed mainly of a 
relatively unchanged reticulo-endothelial 
stroma and a few remaining hematopoietic 
cells, is still fertile ground for hemato- 
poietic activity. This is evident from the 
resumed activity on the part of the residual 
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Fig. 11. Thymus from normal thirteen-day embryo. Note large lobules well filled with 
lymphocytes. The medulla can be seen near the bottom of the picture. 100 
Fig. 12. Thymus from thirteen-day embryo given 120 uc on fourth day of incubation. It 


is smaller, with fewer lymphocytes than normal. 


On the left, the fibroreticular stroma can be 


discerned, but it is almost devoid of lymphocytes. 100 
Fig. 13. Thymus from fifteen-day embryo given 180 uc on fourth day of incubation. It is 
much smaller than normal thirteen-day embryo thymus and does not show the usual cortical 


medullary division. 100 


hematopoietic cells. It is obvious that the 
marrow stimulants would be of very 
limited value in the almost complete 
absence of hematopoietic cells. Trans- 
fusion would be effective, but only tem- 
porarily; as a measure for a large number 
of cases, it is impractical. If feasible, the 
development of a method of replenishing 
the diminished marrow cells would afford a 
rational approach to the treatment of such 
injuries. 

EFFECT OF RADIATION ON LYMPHOID TISSUE 

The circulating lymphocytes arise largely 
in the thymus, spleen, cecum, and tonsils. 
Since lymphopoiesis is the same in all 
locations, we will limit our discussion to 
the thymus. The thymus consists of two 
paired chains of nodules extending through 
the whole length of the neck and lying 
adjacent to the carotid sheaths for most 
of their course. 

About the twelfth day of incubation, 
when the blood islands of the yolk sac 
begin to degenerate and the bone marrow 
takes on the function of hematopoiesis, 
the primitive epithelial anlage of the 
thymus becomes lymphoid in character 
and shows much mitotic activity. This 
change in the character of the thymus 
appeared to be an in situ differentiation 
of the epithelial cells rather than a result 


of infiltration of lymphoid cells from the 
outside. From the twelfth to the sixteenth 
day, a high mitotic rate in the lymphocytes 
continues and the thymus attains its de- 
finitive structure. It is histologically very 
similar to human thymus—+.e., a cortex 
densely packed with small and medium 
lymphocytes in an inconspicuous reticular 
stroma and a medulla composed of a 
reticulo-endothelial stroma in which are 
found Hassall’s corpuscles and a thin 
scattering of lymphoid cells. The thymus 
retains this structure and continues to 
grow during the first two months of life. 
The injection of 100 ye into fourteen- 
day-old embryos caused an almost im- 
mediate complete cessation of mitosis, 
followed in two to three weeks by excessive 
proliferation of lymphocytes. Suppression 
of mitosis was noted two to four days 
after injection, when there was an average 
of one mitosis per oil-immersion field as 
compared to twelve to fifteen mitoses in 
the normal thymus of the same age. At 
this time, the number of lymphocytes 
was obviously diminished and the bulk 
of the organ had decreased to three-fourths 
of its normal size. But five days after 
injection the mitotic counts were a third 
instead of a twelfth of the normal, and a 
day later, i.¢e., six days after injection, 
mitoses had increased to half the normal, 











Vol. 52 


alth« 
corte 
react 
eight 
whet 
high 


fourt 
more 
prac’ 
toge' 
cyte: 
with 
to th 
lapse 
three 
half 
bega 
cytes 
dence 
lymp 
with 
were 
eight 
jectic 
recov 
but t 
near- 
was ¢ 
Th 
notec 
embr 
the | 
only 
entire 
evide 
five ¢ 
teent 
the r 
majo 
cytes 
plete 
the n 
after 
small 
bird 1 
had b 


thym 
on th 
days 














Vol. 52 


although the loss of lymphocytes in the 
cortex was still evident (Fig. 16). A 
reactive over-compensation was apparent 
eighteen to twenty-two days after injection, 
when the mitotic count was four times 
higher than normal. 

As would be expected, 200 ue on the 
fourteenth day of incubation produced a 
more severe and prolonged injury. A 
practically complete cessation of mitosis, 
together with destruction of many lympho- 
cytes, occurred in two to four days as 
with the smaller dose, but the response 
to this injury was delayed and there was a 
lapse of four to six days rather than one to 
three days before mitosis returned to 
half the normal and the depleted structure 
began to fill in with immature lympho- 
cytes. The response to injury, as evi- 
denced by excessive mitotic division in the 
lymphoid cells, was similar to that noted 
with the smaller dose. Mitotic counts 
were five times the normal values, sixteen, 
eighteen, and twenty days after in- 
jection. By this time the thymus had 
recovered to virtually normal structure, 
but there were still agranulocytosis and a 
near-fatal anemia, and the bone marrow 
was only beginning to show regeneration. 

The same sequence of changes was 
noted when 120 ue was administered to an 
embryo four days old. Nine days later 
the thymus was half the normal size, 
only partly filled with lymphocytes, and 
entirely devoid of mitoses (Fig. 12). Some 
evidence of recovery was noted three to 
five days later, on the eleventh and four- 
teenth days after injection, with a rise in 
the mitotic count to half the normal and a 
majority of large and immature lympho- 
cytes. Histologically, recovery was com- 
plete nine days after the appearance of 
the most severe injury and eighteen days 
after injection. The thymus was still 
small, however, but in a seven-week-old 
bird there was no evidence that the gland 
had been injured. 

A prolonged retardation of growth of the 
thymus was noted after injection of 180 ye 
on the fourth day of incubation. Nine 
days after injection the thymus was one- 
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Fig. 14. Thymus from normal nine- 
teen-day embryo (one day before hatch- 
ing). Note thick cortex well packed with 
lymphocytes. X50 


half normal size and closely resembled that 
of an embryo two or three days younger, 
except for decreased mitotic activity. 
Eleven days after injection, the thymus 
was still one-half normal size but showed a 
normal mitotic rate (Fig. 13). There 
seemed to be an inhibition of formation of 
the usual cortico-medullary structure. 
The thymus was composed mainly of a 
reticulo-endothelial stroma and large, im- 
mature lymphoid cells, with only a few 
mature lymphocytes. Seventeen days 
after injection, the cortico-medullary struc- 
ture was present and mitotic activity was 
normal, but the thymus was two-thirds 
normal size. Two hundred uc on the 
eighth day of incubation had a more 
marked inhibitory action but the effect 
was otherwise similar. Twelve days later, 
the thymus was one-third normal size, 
the cortex was poorly developed, and little 
mitotic activity was present (Fig. 15). 
Twenty-seven days after injection, the then 
fifteen-day-old chicks were moribund from 
extreme anemia, but mitotic activity was 
at a normal level in the thymus, although 
the organ was still small and presented 
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Fig. 15. Thymus from one-day chick given 200 uc on eighth day of incubation. 
It is markedly hypoplastic and shows no cortical medullary division. 50 
Fig. 16. Thymus from hatching chick given 100 uc on fourteenth day of incuba- 


tion. It is smaller than control in Fig 


cytes. X50 


14, and its cortex shows loss of lympho- 





Fig. 17. Section through thymus of normal fifteen-day chick. Cortico-medullary structure is well 
formed and cortex is densely packed with lymphocytes. X40 

Fig. 18. Thymus from fifteen-day chick given 200 uc on eighth day of incubation. It is mark- 
edly hypoplastic. Cortex is poorly developed and in some places absent entirely. Because of the 
small size of the thymus, the Hassall’s corpuscles are closer together than normal and give the im- 
pression of relative increase. X40 


numerous cortical hemorrhages (Fig. 18). 

Injection of chicks produced an injury 
and recovery similar to that found in 
irradiated embryos, the injury being pro- 
portional to the amount of radiation. 
The fatal and near-fatal doses produce 
changes identical to those seen in the 


moribund fifteen-day chicks given 200 ye 


on the eighth day of incubation. 
Discussion: In summarizing the effects 
on the lymphoid tissue in the thymus, 
there are several things that stand out. 
First, the high degree of sensitivity to 
radiation of the lymphocytes is shown by 
the marked suppression of mitotic activity 
and in appreciable thinning out of the 
cells two to four days after injection. 


This occurred even with the smallest dose 
of 100 we. Only the gonads showed as 
early a response as this. 

Second, regeneration of lymphoid tissue 
was rapid and started soon after injury. 
Except when large doses were given to 
young embryos, recovery was complete 
even in animals dying from anemia. 
Recovery was initiated from two to six 
days after the most severe depression of 
mitotic activity and was complete usually 
in less than three weeks. The histologic 
recovery of the thymus was more rapid 
than the recovery of the circulating lymph- 
ocyte count. The excellent recovery was 
no doubt due to the short duration of the 
injury. This was greatest during the 
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Vol. 52 EFFECTS OF RADIATION ON CE 
first few days after injection, before there 
was any appreciable concentration in the 
bone and the P** was more or less uni- 
formly distributed through the embryo. 

Third, the response to the injury was 
not only prompt and adequate, but was 
excessive. Long after the thymus had 
returned to a normal histologic condition 
the mitotic activity remained abnormally 
high. This may be related to the com- 
pensating hyperplasia seen in some animal 
tissues following irradiation. 
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The averages of the blood counts of these 
groups of birds are given on Graphs I, II, 
and III as absolute counts of red cells, 
granulocytes, and lymphocytes per cubic 
millimeter. Values obtained from the 
control birds are also given on each graph. 

Blood cells in circulation are relatively 
resistant to radiation (1). The course of 
blood counts during and after irradiation 
is largely determined, therefore, by two 
factors: first, the degree of injury to the 
immature and developing cells of the hem- 
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EFFECT OF RADIATION ON PERIPHERAL 
BLOOD COUNTS 


To establish the changes in the pe- 
ripheral blood counts during and following 
irradiation, we subcutaneously injected 
chicks of three different age groups with 
P* and compared the blood counts with 
counts obtained from ten control chicks 
raised under the same conditions. Four 
six-day chicks were injected with 235 uc, 
4 nineteen-day chicks with 300 uc, and 
3 twenty-eight day chicks with 760 uc. 





atopoietic system, and second, the length 
of life of the circulating cells. The pre- 
viously described changes in the bone 
marrow of irradiated embryos and chicks 
showed that there was no great difference 
in the radiosensitivity between the granu- 
locyte series and erythrocyte series. The 
lymphoid tissues, on the other hand, 
showed earlier injury and more rapid 
recovery than did bone marrow, partly 
because of the concentration of P** in the 
bones, which permitted only a relatively 
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short period of irradiation of the lymphoid 
tissue. It would therefore be expected 
that lymphocyte counts would follow a 
different pattern than the myeloid ele- 
ments. 

In the 4 six-day chicks injected with 
235 we (Graph I) the lymphccyte count 
showed a rapid decrease, reaching a low of 
less than 1,000 per cu. mm. in four days, 
followed by a gradual increase, attaining 
nearly normal values at the end of the 
observation period. The red blood count 


BLOOD 


ERYTHROCYTES 
t 


The blood counts of 4 nineteen-day 
chicks given 300 wc (Graph II) followed 
the pattern seen in the preceding group, 
The lymphocyte count dropped precipj- 
tously during the first three days after 
injection, to 4,000 per cu. mm., and then 
recovered steadily, reaching normal levels 
about three weeks after injection. The 
red blood cells were unchanged for six 
days after injection and then fell gradually, 
reaching 1,400,000 per cu. mm. twenty 
days after injection and returning to nor- 
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Graph II. 


fell gradually during the first eight days 
and then dropped sharply, reaching a low 
of 630,000 per cu. mm. fifteen days after 
injection and returning to normal in forty- 
one days. The granulocytes decreased 
rapidly during the first four days and then 
more gradually, completely disappearing 
from the blood in fifteen days. They 
recovered more slowly than other cell 
types and were only approaching nor- 
mal values at the end of our observation 
period, forty-eight days after injection. 


mal fourteen days later. The granulocyte 
count did not drop during the first week 
but then fell abruptly to 1,000 per cu. 
mm. ten days after injection. This count 
remained below 1,000 for ten days and then 
recovered, reaching near-normal limits at 
the end of the observation period, thirty- 
four days after injection. 

Our observation period did not extend 
to recovery of the 3 twenty-eight-day 
birds given 760 we (Graph III). However, 
the same general pattern of early response 
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to radiation seen in the two preceding 
groups was repeated here. The lympho- 
cyte count dropped sharply the first day 
and then more gradually, reaching a low 
of 6,000 per cu. mm. in five days before 
recovery began. No accurate lymphocyte 
counts could be calculated after the thirty- 
sixth day of age. The red count remained 
unchanged for five days and then fell off, 
reaching 1,000,000 per cu. mm. nineteen 
days after injection and staying near this 
level throughout the remaining week of ob- 
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and reaching a low point within three to 
five days after onset of radiation. The 
return to normal varied with the amount 
of radiation, and was shorter for lympho- 
cytes than the other cell types, but was not 
as rapid as evidence of histologic repair 
inthe thymus. The granulocytes dropped 
more gradually, and virtual agranulo- 
cytosis resulted in about two weeks. The 
recovery phase for the granulocytes was 
longer than for the other cell types. The 
red count remained within normal levels 
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servation. The granulocyte count rose for several days and then gradually fell, 


slightly one day after injection and then 
fell gradually, these cells almost completely 
disappearing from the circulation twelve 
days after injection. This near-agranulo- 
cytic level was maintained throughout the 
remaining two weeks of observation. 
Discussion: All groups showed the 
same general pattern of peripheral blood 
cell changes during and following irradia- 
tion. The lymphocyte count was affected 
first, falling sharply in the first few days 













reaching a low value in fifteen or twenty 
days. The recovery phase was only 
slightly longer than for the lymphocytes. 
The lag period after irradiation before the 
fall of the red count is much longer in 
animals with non-nucleated red _ cells. 
Since the lag period is related to the length 
of life of circulating cells, it would appear 
likely that the circulating nucleated red 
blood cell in the chick is shorter-lived than 
non-nucleated red blood cells in mammals. 
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SUMMARY 


Internal irradiation by P** in smaller 
doses inhibited maturation of the im- 
mature hematopoietic cells and reduced 
the mitotic activity. These changes were 
reversible and after the radiation had 
diminished, the bone marrow returned to 
normal. The larger doses of radiation, 
which eventually caused a fatal anemia, 
produced an immediate and virtually com- 
plete cessation of mitotic ectivity and 
maturation. In this group, after the 
radiation had decreased significantly, the 
few remaining hematopoietic and reticulo- 
endothelial cells began to show mitotic 
activity and maturation, but in an amount 
insufficient to prevent the development 
of an anemia which proved fatal several 
days later. 

The lymphoid tissue of the thymus was 
very sensitive to radiation and showed an 
almost immediate marked reduction of 
mitotic activity, which lasted until most 
of the retained P** had been concentrated 
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in the bones. Recovery was rapid, and 
all but the most severe of these injuries 
were reversible. 

Peripheral blood counts followed a defi- 
nite pattern during and following irradia- 
tion. The lymphocyte count fell first 
and recovered before the other cell types, 
The granulocyte count fell next most 
rapidly and recovered most slowly. The 
red cell count dropped most slowly and 
returned to normal midway between lym- 
phocyte and granulocyte counts. : 


Note: The authors are indebted to Dr. Olive 
Gates for invaluable assistance in this work. 


25 Shattuck Street 
Boston 15, Mass. 
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SUMARIO 


Efectos de la Irradiacién Continua sobre los Embriones de Pollo y los Pollosen Vias de Desarrollo. 
II. Médula Osea, Tejido Linfoideo y Sangre Periférica 


Continuando sus estudios de los efectos 
de la irradiaci6én continua, con P**, sobre 
los embriones de pollo y los pollos en de- 
sarrollo, los AA. estudiaron la médula ésea, 
el tejido linfoideo y la sangre periférica. 

Las dosis mas pequefias de irradiacién 
interna con P** inhibieron la maduracién 
de las células hematopoyéticas inmaduras y 
atenuaron la actividad carioquinética. 
Esas alteraciones fueron reversibles, y 
después de disminuir la irradiacién, la 
médula 6sea volviéd a lo normal. Las 
dosis mayores de rayos, que con el tiempo 
provocaron anemia letal, produjeron cese 
inmediato y virtualmente completo de la 
carioquinesis y la maduracién. En este 


grupo, después de disminuir significa- 
tivamente la irradiacién, las pocas células 
hematopoyéticas y reticuloendoteliales res 
tantes comenzaron a revelar actividad 
carioquinética y maduracién, pero en 
proporcién insufficiente para impedir la 


aparicion de una anemia que resulté letal 
pocos dias después. 

El tejido linfoideo del timo se mostré 
muy sensible a la irradiacién y revelé 
casi inmediatamente baja decidida de la 
carioquinesis que duré hasta que la mayor 
parte del P*? retenido se habia concentrado 
en los huesos. La reposicién fué rapida, y 
todas las lesiones, aparte de las mas 
graves, fueron reversibles. 

Las numeraciones de la sangre peti- 
férica se conformaron a un patrén bien 
definido durante la irradiacién y después. 
La f6érmula linfocitaria baj6 y se repuso 
antes que las de las otras células. La 
férmula granulocitaria vino después en la 
rapidez de su descenso y fué la que se 
repuso con mayor lentitud. La eritro- 
citaria fué la descendiéd mas lentamente 
y en su retorno a lo normal ocupé un 
puesto medio entre la linfocitaria y la 
granulocitaria. 
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Fluoroscopy vs. Films in the Gastro-Intestinal Examination 


The question of the relative values of 
fluoroscopy and radiography in the roent- 
gen diagnosis of lesions of the gastro-intes- 
tinal tract has been perenially debated 
since the early days of roentgenology. In 
this country, Carman was a brilliant pro- 
tagonist of the fluoroscopic examination, 
developing it to such a high degree that 
radiography, in his hands and those of 
his followers, assumed secondary impor- 
tance. Cole and his associates, on the 
contrary, were strongly convinced that 
serial roentgenograms taken in several 
positions, to show all parts of the stomach, 
were the primary requisite for exact diag- 
nosis. These opposing views have under- 
gone many modifications with the passage 
of the years until today a standard gastro- 
intestinal study usually represents a skill- 
ful blending of the two. 

Other factors have come to play a role 
from time to time, and each has left its 
imprint on the general picture. The dan- 
ger to the operator inherent in fluoroscopy 
was early recognized, and even Carman 
(1), the foremost advocate of the method, 
warned of its attendant hazards, especially 
damage to the blood and blood-forming 
organs. The increasing incidence of dis- 
eases of the hemopoietic system among 
radiologists is ample proof that this warn- 
ing was timely and—unfortunately—that 
it has been too largely disregarded. Spot- 
film radiography has slowly come into the 
picture and has found numerous advocates 
of various degrees of enthusiasm. Many 
have used it hesitantly because of the fear 
of roentgen injury either to the patient or 
to the operator. More recently photo- 
roentgenography, with multiple exposures 
on small films, has entered the field, and 
its possibilities for supplanting the older 


SSI 


methods of examination are being explored 
at several radiological centers. 

In a Symposium presented at the 1948 
meeting of the Radiological Society of 
North America, printed in the present issue 
of RADIOLOGY, the various aspects of this 
problem are discussed in the light of mod- 
ern roentgenology. Harris furnishes a well 
rounded picture of the technic of fluoros- 
copy and the results which may be attained 
by its use. He holds it to be of prime 
importance in the diagnosis of lesions of 
the stomach and duodenal cap and regards 
films as of secondary significance. Tem- 
pleton, while agreeing that fluoroscopy is 
an essential part of the examination, be- 
lieves that films will often reveal lesions 
which the fluoroscopist has missed, and 
that the objective evidence which they 
furnish is of definite advantage. He ad- 
vocates the use of the filming fluoroscope 
to obtain serial films of all parts of the 
stomach and amplifies the details of this 
technic in his discussion following the 
symposium. Morgan has contributed val- 
uable information regarding the physical 
problems of fluoroscopy and_ spot-film 
radiography and offers practical sugges- 
tions for safeguarding both the patient and 
the radiologist—a matter which requires 
periodic reiteration. The excellent papers 
on gastroscopy, by Dailey, and on the 
clinical aspects of peptic ulcer, by Wilbur 
and Watts, round out the discussion and 
are deserving of careful study. 

In reaching a decision as to the technic 
to be followed in examination of the gastro- 
intestinal tract, one must consider the 
ends to be accomplished. It goes without 
saying that the primary objective is an 
accurate diagnosis of the earliest mani- 
festations of any organic lesion, more es- 
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pecially cancer. This granted, certain 
other considerations call for attention. In 
institutions where the emphasis is upon 
teaching, it is inevitable that films will 
play a prominent role, as the fluoroscopic 
image can be viewed by relatively few 
studenis. A similar condition will obtain 
in situations where the referring physician 
is accustomed personally to review the 
films. In clinics where routine gastro- 
intestinal studies are a common practice, 
the radiologist may decide upon the type 
of procedure which he feels will assure a 
high degree of accuracy without unduly 
prolonging the exposure time. It is thus 
apparent that no one type of examination 
can arbitrarily be designated the ‘‘best”’ 
for all radiologists or all institutions. 
Where large numbers of gastro-intestinal 
studies are performed, with a considerable 
radiation exposure, it is acknowledged 
that there is a measurable risk involved. 
It is also pretty generally agreed that. 
under present conditions, in spite of this 
potential danger, fluoroscopy must occupy 
an important place in the examination. 
It behooves the radiologist, therefore, to 
see that his department is sufficiently 
staffed to permit a rotation of work, so that 
each fluoroscopist may regularly spend a 
certain number of days at duties not in- 
volving exposure to radiation. Nor can 
too strong emphasis be placed upon 
adequate protection in the form of lead 
rubber aprons and gloves, which are all 
too often omitted because of the incon- 
venience attending their use. The dan- 
gers of secondary radiation and how best 
to minimize them have been clearly pointed 
out by Morgan. Careful attention to 


these details will eliminate many of the 
hazards of fluoroscopy. Our younger men 
should be taught full respect for the dan- 
gers of radiation—as well as for its useful- 
ness—and should be instructed as to the 
means of circumventing injury by obsery- 
ing simple rules of protection. 

Technical changes are taking place that 
are modifying and may ultimately change 
completely our methods of gastro-intestinal 
examination. Already mass surveys are 
being made by Morgan (3) with the 
Schmidt camera. Others (2, 4) are conduct- 
ing similar studies by fluoroscopy alone 
or in combination with films. The fluoro- 
scopic method may itself be revolutionized, 
and its diagnostic efficiency multiplied, 
by further development of recently sug- 
gested procedures for amplification of the 
fluoroscopic image. With the clinical de- 
mands for mass surveys and the intro- 
duction of improved methods for their 
accomplishment, it is not beyond the 
realm of possibility that, like similar sur- 
veys in the field of tuberculosis, these may 
be used to screen out the normal subjects, 
while more complete examinations are 
reserved for those with evidence of an 
organic lesion. 
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ANNOUNCEMENTS AND BOOK REVIEWS 








POSTGRADUATE COURSE IN 
MEDICAL ASPECTS OF NUCLEAR ENERGY 
UNIVERSITY OF CALIFORNIA 


A postgraduate course in the medical aspects of 
nuclear energy is being offered at the University of 
California, San Francisco, Aug. 29 through Sept. 
3, 1949. Dr. Joseph G. Hamilton, Associate Pro- 
fessor of Experimental Medicine and Radiology, 
University of California Medical School, and Associ- 
ate Professor of Medical Physics and Director of 
the Crocker Laboratory, University of California, 
is General Chairman of the course. Other officers 
of instruction include, Luis W. Alvarez, Ph.D.; 
Austen M. Brues, M.D.; Simeon Cantril, M.D.; 
Andrew H. Dowdy, M.D.; John Gofman, Ph.D., 
M.D.; John H. Lawrence, M.D.; Bertram V. A. 
Low-Beer, M.D.; Edwin M. McMillan, Ph.D.; 
Stacy R. Mettier, M.D.; Earl R. Miller, M.D.; 
Edith H. Quimby, Sc.D.; Kenneth W. Scott, 
Ph.D.; Glenn T. Seaborg, Ph.D.; Curt Stern, Ph.D. ; 
Robert S. Stone, M.D.; Robert L. Thornton, Ph.D.; 
Shields Warren, M.D.; Stafford Warren, M.D. 

Inquiries as to enrollment should be addressed to 
Stacy R. Mettier, M.D., Office of Medical Ex- 
tension, University of California Medical Center, 
San Francisco 22, Calif. 


BROOKLYN ROENTGEN RAY SOCIETY 


At a recent meeting of the Brooklyn Roentgen 
Ray Society, the following officers were elected for 


the ensuing year: President, Dr. John Pepe; 
Vice-President, Dr. B. Ehrenpreis; Secretary- 


Treasurer, Dr. J. Daversa, 603 Fourth Ave., Brook- 
lyn, N. Y. 


CHICAGO ROENTGEN SOCIETY 


The newly elected officers of the Chicago Roentgen 
Society, for 1949-50, are T. J. Wachowski, M.D., 
President; Frank Hussey, M.D., Vice-President; 
John H. Gilmore, M. D., 720 N. Michigan Ave., 
Chicago 11, Secretary-Treasurer. 


ARGENTINE RADIOLOGICAL ASSOCIATION 


The newly organized Asociacién Argentina de 
Radiologia has announced plans for its Primer 
Congreso de Radiologia to be held in Santiago del 
Estero, Argentina, in July 1949. The following are 
the official themes of the Radiologic 
Exploration of the Bronchopulmonary System; 
Radiology of Bronchopulmonary Tumors; Radiol 
ogy of Gastric Diseases; Radiology of the Extra 
hepatic Biliary Tract; Radiotherapy of Cutaneous 
Affections. 

The President of the Association is Dr. Sabino 


congress : 


SS3 


Di Rienzo; Vice-President, Dr. Juan I. Zorrilla; 
General Secretary, Dr. Jose R. Aguirre; Permanent 


Secretary, Dr. Lidio G. Mosca, Tucuman 275, 
Santiago del Estero, Argentine; Treasurer, Dr. 
Robert Alvarez. 

SUGGESTED MODEL CONTRACT FOR 


HOSPITAL RADIOLOGISTS 


The attention of radiologists is called to a sug- 
gested model contract for hospital radiologists, 
appearing in California Medicine for April 1949. 
This contract was prepared by and as a result of 
joint conferences between legal counsel for the 
California Medical Association and counsel for the 
Association of California Hospitals. It has been 
approved by the Council of the Medical Association 
and at the time of publication was awaiting final 
action by a special committee of the hospital group. 


DR. EDITH H. QUIMBY HONORED 


Dr. Edith H. Quimby, Associate Professor of 
Radiology at the College of Physicians and Sur- 
geons, Columbia University, was the recipient of 
one of the four American Design Awards for creative 
thinking annually presented by the firm of Lord 
& Taylor, New York City. The award, which was 
made at a luncheon at the Waldorf Astoria, on 
May 4, was in recognition of Dr. Quimby’s work 
with radioactive materials. 


BOOKS FOR CHILE 


The National Committee for Chile is soliciting 
copies of medical periodicals of the last ten years 
and recent medical books for the library of the 
Medical School of the University of Chile, to replace 
reference material recently destroyed by fire. 
Any contributions should be sent to the National 
Committee for Chile, Room 318, Library of Con- 
gress, Washington, D. C. 


Books Received 


Books received are acknowledged under this 
heading, and such notice may be regarded as recog 
nition of the courtesy of the sender. Reviews will be 
published in the interest of our readers and as space 
permits. 


CARDIAC CATHETERIZATION IN CONGENITAL HEART 
Disease. A CLINICAL AND PHYSIOLOGICAL 
Stupy IN INFANTS AND CHILDREN. By ANDRE 
CouRNAND, M.D., Associate Professor, Depart- 
ment of Medicine, College of Physicians and 
Surgeons, Columbia University, JANET S. BaLp- 
win, M.D., Assistant Professor, Department of 
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Pediatrics, New York University College of 
Medicine, and AARON HIMMELSTEIN, M.D., 
Instructor, Department of Surgery, College of 
Physicians and Surgeons, Columbia University. 
A volume of 108 pages, with numerous illus- 
trations. Published by The Commonwealth 
Fund, New York, 1949. Price $4.00. 


ATEMREGELUNG ALS HEILMITTEL. By Prof. Dr. 
Lupwic HoFBAUER, Union University, Albany 3, 
N. Y. A volume of 100 pages, with 33 illustra- 
tions. Published by Wilhelm Maudrich, Wien, 


Austria, 1948. Price $2.50. 


Book Reviews 


LunG Dust LESIONS (PNEUMOCONIOSIS) VERSUS 
TUBERCULOSIS. By Lewis GREGORY COLE, 
M.D., F.R.C.R. A volume of 474 pages, with 
over 400 illustrations. Published by American 
Medical Films, Inc., White Plains, N. Y., 1948. 
Price $10.00. 


In 1940, Lewis Gregory Cole, then Director of 
Silicotic Research for the John B. Pierce Foundation, 
and his son, the late William Gregory Cole, published 
their Story of Dusty Lungs: A Preliminary Report. 
There now appears this more elaborate treatise, 
summarizing the observations of these two investi- 
gators over a period of some fourteen years. Thev 
were assisted in their studies by many other workers 
in this field, to whom generous credit is given for case 
reports, specimens, and special forms of clinical and 
technical aid. 

Dr. Cole states that his object has been to study 
the lungs of persons who have inhaled various 
quantities and qualities of dust and to present the 
results in simple terms with suitable illustrations, 
to describe the roentgen observations in such cases, 
and to correlate these with the pathological findings. 
He has sought further to distinguish dust lesions 
from those of other pathology and, finally, to apply 
the data which he has assembled to certain social 
and economic problems growing out of dust ex 
posure in industry. 

As the title indicates, particular stress is placed 
upon the similarity of many dust lesions to tuber- 
culosis and the importance of comparing and differ 
entiating the two, to which end a lavish use has been 
made of roentgenograms, photomicrographs, and 
drawings. The concluding chapter of the work is 
devoted to matters of technic, including details of 
the roentgenographic demonstration of chest lesions 
and a step-by-step description of the procedure 
employed for obtaining photomicrographs. 

Dr. Cole's handling of his subject is original and 
stimulating, its very unorthodoxy contributing to 
its interest. Workers in this field will find this 
volume not only informative but thought-provoking 
to a high degree. 


A SYMPOSIUM ON THE USE OF ISOTOPES IN BioLogy 
AND MEDICINE. Contributions by nineteen lead. 
ing scientists. Report of a Conference conducted 
at the University of Wisconsin, Madison, Wis. 
September 1947. A volume of 446 pages. Pypb. 
lished by the University of Wisconsin Press, 
Madison, Wis., 1948. Price $5.00. 


There was held at the University of Wisconsin, 
in September 1947, a Symposium on isotopic research 
as applied to medicine and biology, participated in 
by the nation’s leaders in this new field of study. 
The major papers of the Symposium are now pub- 
lished in book form, offering in the scope of a few 
hundred pages an authoritative exposition of this 
subject by those most highly qualified to discuss it. 

An introductory chapter, furnishing an historical 
background for the use of isotopes in biochemistry, 
is followed by several papers on the preparation and 
availability of isotopes and their distribution by the 
Atomic Energy Commission; a group of technical 
articles on the preparation of compounds and 
measurements of radioactivity; a series on the re- 
sults of tracer studies and their medical applications; 
a chapter on the therapeutic use of radioactive 
phosphorus and one on the treatment of thyroid 
disease by radioiodine. Two chapters are devoted 
to health hazards in the use of radioactive isotopes 
and measures for the protection of property and 
personnel. The concluding papers on the political 
and social implications of atomic energy sum up the 
attitude of the scientist to what is unquestionably 
the most serious problem of our time. 

The number who had the privilege of attending the 
Symposium at Madison was limited. It is well to 
have made available to others who are interested in 
this new field of research the wealth of material 
that was presented there. This book is recom- 
mended as an authoritative and useful source of 
information to all who are engaged in research in 
the clinical application of isotopes to medicine and 
biology and to the far greater number who look with 
interest to the results of such investigations. 


MeEpDICAL X-Ray PROTECTION UP TO TWO MILLION 
Vo_ts. National Bureau of Standards Hand- 
book 41, Issued March 30, 1949 (superseding 
Handbook 20). For sale by the Superintendent 
of Documents, Washington, D. C. Price 1 
cents. 


This handbook on roentgen protection was pre- 
pared by a Subcommittee made up of H. O. Wyckoff, 
Chairman, C. B. Braestrup, L. L. Call, E. E. Charl- 
ton, A. C. Cipollaro, M. D., M. Friedman, M. D., 
Russell Morgan, M.D., R. R. Newell, M.D., E. W. 
Philleo, Scott W. Smith, John Trump, and J. L. 
Weatherwax. It sets forth concisely standards of 
safety for the.installation and use of high-voltage 
x-ray equipment. For further details of its prepara- 
tion and content, see the Editorial by Dr. Lauriston 
Taylor in RaproLoGy for May 1949. 
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RADIOLOGICAL SOCIETIES: SECRETARIES AND MEETING DATES 





Editor’s Note: Secretaries of state and local radiological societies are requested to co-operate in keeping this 
section up-to-date by notifying the editor promptly of changes in officers and meeting dates. 


RADIOLOGICAL SOCIETY OF NORTH AMERICA. Secre- 
tary-Treasurer, Donald §S. Childs, M.D., 713 
E. Genesee St., Syracuse 2, N. Y. 

AmericaAN Raprum Society. Secretary, Hugh F. Hare, 
M.D., 605 Commonwealth Ave., Boston 15, Mass. 

AMERICAN ROENTGEN Ray Socrety. Secretary, Harold 
Dabney Kerr, M.D., Iowa City, Iowa. 

AMERICAN COLLEGE OF RaproLocy. Secretary, William 
C. Stronach, 20 N. Wacker Dr., Chicago 6, III. 
SecTION ON RaproLocy, A. M. A. Secretary, U. V. 
Portmann, M.D., Cleveland Clinic, Cleveland 6, 

Ohio. 


Alabama 
ALABAMA RADIOLOGICAL Society. Secretary-Treasurer, 
W. D. Anderson, M.D., 2501 6th St., Tuscaloosa. 


Arkansas 

ARKANSAS RADIOLOGICAL Society. Secretary, Fred 
Hames, M.D., Pine Bluff. Meets every three 
months and at meeting of State Medical Society. 

California 

CALIFORNIA MEDICAL ASSOCIATION, SECTION ON RapI- 
oLocy. Secretary, Sydney F. Thomas, M.D., 
Palo Alto Clinic. Palo Alto. 

East Bay RoENTGEN Society. Secretary, Dan 
Tucker, 434 30th St., Oakland 9. Meets monthly, 
first Thursday, at Peralta Hospital. 

Los ANGELES RADIOLOGICAL Society. Secretary, 
Wybren Hiemstra, 1414 S. Hope St. Meets 
monthly, second Wednesday, County Society Bldg. 

NORTHERN CALIFORNIA RADIOLOGICAL CLuB. Secretary, 
Charles E. Grayson, M.D., Medico-Dental Bldg., 
Sacramento 14. Meets at dinner last Monday of 
September, November, January, March, and May. 

PaciFic ROENTGEN Society. Secretary, L. Henry 

Garland, M.D., 450 Sutter St., San Francisco 8. 

Meets annually with State Medical Association. 

DieGoO ROENTGEN Society. Secretary, R. F. 

Niehaus, M.D., 1831 Fourth Ave., San Diego. 

Meets first Wednesday of each month. 

X-Ray Srupy CLus oF SAN Francisco. Secretary, 
Wm. F. Reynolds, M.D., University Hospital, 
San Francisco 22. Meets third Thursday at 7:45, 
January to June at Stanford University Hospital, 
July to December at San Francisco Hospital. 

Colorado 

Cotorapo RapIOLoGicaL Society. Secretary, Mark S. 
Donovan, M.D., 306 Majestic Bldg., Denver 2. 
Meets third Friday of each month, at the Colorado 
School of Medicine and Hospitals. 

Connecticut 

Connecticut STATE MEDICAL SociETY, SECTION ON 
RapioLtocy. Secretary, Fred Zaff, M.D., 135 

Meetings bimonthly, 


SAN 


Whitney Ave., New Haven. 
second Wednesday. 


SSS 


CONNECTICUT VALLEY RaproLocicaL Society. Sec- 
retary, Ellwood W. Godfrey, M.D., 1676 Boulevard, 
W. Hartford. Meets second Friday of October 
and April. 


District of Columbia 

RADIOLOGICAL SEcTION, District oF COLUMBIA 
MeEpicaL Society. Secretary, Alfred A. J. Den, 
M.D., 1801 K St., N.W., Washington 6. Meets 
third Thursday, January, March, May, and Octo- 
ber, at 8:00 p.m., in Medical Society Auditorium. 


Florida 

FLORIDA RADIOLOGICAL Society. Secretary-Treasurer, 
F. K. Hurt, M.D., Riverside Hospital, Jackson- 
ville. Meets in April and in November. 


Georgia 

ATLANTA RADIOLOGICAL Society. Secretary-Treasurer, 
Wm. W. Bryan, M.D., 490 Peachtree St., N. E. 
Meets second Friday, September to May. 

GeorciA RaprioLocicaL Society. Secretary-Treasurer, 
Robert Drane, M.D., De Renne Apartments, 
Savannah. Meets in November and at the annual 
meeting of State Medical Association. 

Illinois 

CuicaGo ROENTGEN Society. Secretary, John H. 
Gilmore, M. D., 720 N. Michigan Ave., Chicago 
11. Meets at the Palmer House, second Thursday 
of October, November, January, February, March, 
and April at 8:00 p.m. 

ILtrnoris RaprorocicaL Society. Secretary-Treasurer, 
William DeHollander, M.D., St. Johns’ Hospital, 
Springfield. Meetings quarterly as announced. 

ILtrnois STATE MEDICAL Socrety, SECTION ON Ra- 
piococy. Secretary, Harold L. Shinall, M.D., St. 
Joseph’s Hospital, Bloomington. 

Indiana 

INDIANA ROENTGEN Society. Secretary-Treasurer, 


William M. Loehr, M.D., 712 Hume-Mansur 
Bidg., Indianapolis 4. Annual meeting in May. 


Iowa 

Iowa X-Ray Cius. Secretary, Arthur W. Erskine, 
M.D., 326 Higley Building, Cedar Rapids. Meets 
during annual session of State Medical Society. 


Kansas 

KANSAS RapIOLoGicaL Society. Secretary-Treasurer, 
Anthony F. Rossitto, M.D., Wichita Hospital, 
Wichita. Meets annually with State Medical 
Society. 

Kentucky 

KentTucKY RaproLocicaL Society. Secretary-Treas- 
urer, Everett L. Pirkey, M.D., 323 East Chestnut 
St., Louisville 2 
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LovursviLtE RaproLocicat Socrety, Secretary-Treas- 
urer, Everett L. Pirkey, Louisville General 
Hospital, Louisville 2. Meets second Friday of 
each month at Louisville General Hospital. 


—_ 

LovursiaNa RaproLocicaL Society. Secretary-Treas- 
urer, Johnson R. Anderson, M.D., No. Louisiana 
Sanitarium, Shreveport. Meets with State Med- 
ical Society. 

ORLEANS PaRISH RADIOLOGICAL Society. Secretary, 
Joseph V. Schlosser, M.D., Charity Hospital of 
Louisiana, New Orleans 13. Meets first Tuesday 
of each month. 

SHREVEPORT RapioLocicaL Cius. Secretary, Oscar O. 
Jones, M.D., 2622 Greenwood Road. Meets 
monthly September to May, third Wednesday. 


Maryland 

Battrmwmore City Mepicat Society, RADIOLOGICAL 
Section. Secretary, J. Howard Franz, M.D., 1127 
St. Paul St., Baltimore 2. 


Michigan 

Derroir X-Ray anpD Rapium Society. Secretary- 
Treasurer, George Belanger, M.D., Harper Hospital, 
Detroit 1. Meetings first Thursday, October to 
May, at Wayne County Medical Society clubrooms. 

MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS. Sec- 
retary-Treasurer, R. B. MacDuff, M.D., 220 
Genesee Bank Building, Flint 3. 


Minnesota 
Mrxnesota RaproLtocicat Society. Secretary, C. N. 


Borman, M.D., 802 Medical Arts Bldg., Min- 
neapolis 2. Meets in Spring and Fall. 


Missouri 

RapioLtocicaL Society OF GREATER Kansas CIty. 
Secretary, Wm. M. Kitchen, M.D., 1010 Rialto 
Building, Kansas City 6, Mo. Meetings last 
Friday of each month. 

Sr. Louis Society or Raprovocists. Secretary, Charles 
J. Nolan, M.D., 737 University Club Bldg. 
Meets on fourth Wednesday, October to May. 


Nebraska 

Neeraska Raprovocica, Society. Secretary-Treas- 
urer, Ralph C. Moore, M.D., Nebraska Metho- 
dist Hospital, Omaha 3. Meets third Wednes- 
day of each month at 6 p.m. in Omaha or Lincoln. 


New England 

New EncLianp Rogentcen Ray Society. Secretary- 
Treasurer, George Levene, M.D., Massachusetts 
Memorial Hospitals, Boston. Meets monthly 
on third Friday at Boston Medical Library. 


New Hampshire 

New Hampsuire Roentcen Society. Secretary- 
Treasurer, Albert C. Johnston, M.D., Elliot Com- 
munity Hospital, Keene. Meetings quarterly in 
Concord. 


New Jersey 

RADIOLOGICAL SOCIETY OF NEW JERSEY. Secretary, 
Raphael Pomeranz, M.D., 31 Lincoin Park, New. 
ark 2. Meetings at Atlantic City at time of 
State Medical Society and midwinter in Newark. 


New York 


ASSOCIATED RADIOLOGISTS OF NEW York, Inc. Sec. 
retary, William J. Francis, M.D., East Rockaway. 

BROOKLYN ROENTGEN Ray Society. Secretary-Treas- 
urer, J. Daversa, M.D., 603 Fourth Ave., Brook- 
lyn. Meets fourth Tuesday of each month, 
October to April. 

BUFFALO RADIOLOGICAL Society. Secretary-Treasurer. 
Mario C. Gian, M.D., 610 Niagara St., Buffalo 1. 
Meetings second Monday, October to May. 

CENTRAL NEW YORK ROENTGEN Society. Secretary. 
Treasurer, Dwight V. Needham, M.D., 608 E. 
Genesee St., Syracuse 10. Meetings in January, 
May, and October. 

LonG ISLAND RADIOLOGICAL Society. Secretary, Mar- 
cus Wiener, M.D., 1430 48th St., Brooklyn 19. 
Meetings fourth Thursday evening, October to 
May, at 8:45 P.m., in Kings County Medical Bldg. 

NEw YorRK ROENTGEN Society. Secretary, Wm. Snow, 
M.D., 941 Park Ave., New York 28. 

QUEENS ROENTGEN Ray Society. Secretary, Jacob 
E. Goldstein, M.D., 88-29 163rd St., Jamaica 3. 
Meets fourth Monday of each month. 

ROCHESTER ROENTGEN-Ray Society. Secretary-Treas- 
urer, Ralph E. Alexander, M.D., 101 Medical Arts 
Bldg., Rochester 7. Meets at Strong Memorial 
Hospital, third Monday, September through May. 


North Carolina 

RADIOLOGICAL SOCIETY OF NorRTH CAROLINA. Sec- 
retary-Treasurer, James E. Hemphill, M.D., Pro- 
fessional Bldg., Charlotte 2. Meets in May and 
October. 


North Dakota 

NortH Dakota RapIoLocicaL Society. Secretary, 
Charles Heilman, M.D., 1338 Second St., N, 
Fargo. 

Ohio 

Onto STATE RADIOLOGICAL Society. Secretary-Treas- 
urer, Carroll Dundon, M.D., 2065 Adelbert Road, 
Cleveland 6. Next meeting at annual meeting of 
the State Medical Association. 

CentTraL Onto RapioLtocicaL Society. Secretary, 
Paul D. Meyer, M.D., Grant Hospital, Columbus 
Meets second Thursday, October, December, 
February, April, and June, 6:30 p.m., Seneca 
Hotel, Columbus. 

Cincinnati RapioLocicat Society. Secretary, Eugene 
L. Saenger, M.D., 735 Doctors Bldg., Cincinnati 2. 
Meets last Monday, September to May. 

CLEVELAND RapioLocicaL Society. Secretary-Treas- 
urer, John R. Hannan, M.D., Cleveland Clinic, 
Cleveland 6. Meetings at 6:30 p.m. on fourth 
Monday, October to April, inclusive. 
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Oklahoma 

OKLAHOMA STATE RaproLocicaL Society. Secretary- 
Treasurer, W. E. Brown, M.D., 21st and Xanthus, 
Tulsa 4. Meets in October, January, and May. 


Oregon 

OREGON RapIOLocicaL Society. Secretary- Treasurer, 
Boyd Isenhart, M.D., 214 Medical-Dental Bldg., 
Portland 5. Meets monthly, on the second 
Wednesday, at 8:00 P.m., in the library of the 
University of Oregon Medical School. 


Pacific Northwest 

Paciric NORTHWEST RADIOLOGICAL Society. Secre- 
tary-Treasurer, Sydney J. Hawley, M.D., 1320 
Madison St., Seattle 4, Wash. Meets annually in 
May. 


Pennsylvania 

PENNSYLVANIA RaplIoLocicaL Society.  Secretary- 
Treasurer, James M. Converse, M.D., 416 Pine 
St., Williamsport 8. Meets annually. 

PHILADELPHIA ROENTGEN Ray Society. Secretary, 
Arthur Finkelstein, M.D., Graduate Hospital, 
Philadelphia. Meets first Thursday of each month 
at 8:00 p.m., from October to May, in Thomson 
Hall, College of Physicians, 21 S. 22d St. 

PITTSBURGH ROENTGEN Society. Secretary-7Treasurer, 
R. P. Meader, M.D., 4002 Jenkins Arcade, Pitts- 
burgh 22. Meets second Wednesday of each month 
at 6:30 p.m., October to June. 


Rocky Mountain States 

Rocky MOUNTAIN RADIOLOGICAL Society. Secretary- 
Treasurer, Maurice D. Frazer, M.D., Lincoln 
Clinic, Lincoln, Nebr. Next meeting in Denver, 
Colo., Aug. 18-20, 1949. 


South Carolina 

SoutH CAROLINA X-Ray Society. Secretary- Treasurer, 
Robert B. Taft, M.D., 103 Rutledge Ave., Charles- 
ton 16. 


South Dakota 

RADIOLOGICAL SociETY oF SouTH Dakota. Secretary- 
Treasurer Marianne Wallis, M.D., 1200 E. Fifth 
Ave., Mitchell. Meets during Annual Session of 
State Medical Society. 


Tennessee 

MEMPHIS ROENTGEN CLUB. Meetings second Tuesday 
of each month at University Center. 

TENNESSEE RADIOLOGICAL Society. Secretary-Treas- 
urer, J. Marsh Frére, M.D., 707 Walnut St., Chat- 
tanooga. Meets annually with State Medical 
Society in April. 


Texas 
DaLLas-FortT WortH ROENTGEN Srupy CLup. Sec- 
retary, X. R. Hyde, M.D., Medical Arts Bldg., 
Fort Worth 2. Meetings on third Monday of each 
month in Dallas in the odd months and in Fort 
Worth in the even months. 


RADIOLOGICAL SOCIETIES 
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Houston X-Ray Crus. Secretary, Curtis H. Burge, 
M.D., 3020 San Jacinto, Houston 4. Meetings 
fourth Monday of each month. 

Texas RapIoLocicaL Society. Secretary-Treasurer, 
R. P. O’Bannon, M.D., 650 Fifth Ave., Fort Worth. 
Next meeting Feb. 3—4, 1950, in Dallas. 

Utah 

Utan STATE RapIoLocicaL Society. Secretary-Treas- 
urer, Angus K. Wilson, M.D., 343 S. Main St., 
Salt Lake City. Meets third Wednesday, Jan- 
uary, March, May, September, November. 


Virgini 

VIRGINIA RaApIOLoGicaAL Society. Secretary, P. B. 
Parsons, M.D., Norfolk General Hospital, Nor- 
folk 7. 

Washington 

WASHINGTON STATE RapioLtocicaL Society. Secre- 
tary-Treasurer, Homer V. Hartzell, M.D., 310 
Stimson Bldg., Seattle 1. Meetings fourth Monday, 
October through May, at College Club, Seattle. 


Wisconsin 

MILWAUKEE ROENTGEN Ray Society. Secretary- 
Treasurer, Theodore J. Pfeffer, M.D., 839 N. Mar- 
shall St., Milwaukee 2. Meets monthly on second 
Monday at the University Club. 

RADIOLOGICAL SECTION OF THE WISCONSIN STATE MED- 
1caL Society. Secretary, S. R. Beatty, M.D., 185 
Hazel St., Oshkosh. Two-day meeting in May; 
one-day with State Medical Society, September. 

UNIVERSITY OF WISCONSIN RADIOLOGICAL CONFERENCB. 
Meets first and third Thursdays 4 p.m., September 
to May, Service Memorial Institute, Madison 6. 


Puerto Rico 

AsocraciON PUERTORRIQUENA DE Rapro.tocia. Secre- 
tary, Jesus Rivera Otero, M.D., Box 3542, San- 
turce, Puerto Rico. 


CANADA 

CANADIAN ASSOCIATION OF RapioLocists. Honorary 
Secretary-Treasurer, E. M. Crawford, M.D. As- 
sociate Honorary Secretary-Treasurer, Jean Bou- 
chard, M.D. Central Office, 1535 Sherbrooke St., 
West, Montreal 26, Quebec. Meetings in January 
and June. 

La Socikr& CANADIENNE-FRANGCAISE D'ELECTROLOGIB 
ET DE RADIOLOGIE MEDICALBS. General Secretary, 
Origéne Dufresne, M.D., Institut du Radium, 
Montreal. Meets third Saturday each month. 


CUBA 
Socrepap pe RaproLoGcia y FistoreRaPia pE CuRaA. 
Offices in Hospital Mercedes, Havana. Meets 
monthly. 


MEXICO 
SocikpAD MEXICANA DE RaADIOLOGIA Y FrsioTreRAPIA, 
General Secretary, Dr. Dionisio Pérez Casio, 
Marsella 11, México, D, F. Meetings first Mon 
day of each month 
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ROENTGEN DIAGNOSIS 


THE HEAD AND NECK 


Pathologic Non-Neoplastic Intracranial Calcification. 
John D. Camp. J. A. M. A. 137: 1023-1030, July 17, 
1948. 

In this excellent summary the author has classified 
intracranial calcification of non-neoplastic origin as 
follows: 


1. Vascular lesions: Arteriosclerosis, aneurysm, 
angiomatous malformations, and hematomas. 


2. Inflammatory lesions: Previous encephalitis and 
tuberculosis. 
3. Parasitic disease: Toxoplasmosi;, cysticercosis, 


and trichinosis. 

4. Degenerative lesions: Congenital or develop- 
mental in origin. 

5. Tuberous sclerosis. 

6. Parathyroid insufficiency. 


Although the reproductions in the journal are, unfor- 
tunately, only fair, it is recommended that the reader 
consult the original article. Pavut W. Roman, M.D. 

Baltimore, Md. 


Atlanto-Epistropheic Luxation with Aplasia of the 
Dens Epistrophei. Kurt Nievergelt. Schweiz. med. 
Wehnschr. 78: 653-657, July 10, 1948. (In German) 

Four cases are reported in which hypoplasia or absence 
of the dens of the epistropheus, or its development as a 
separate ossicle, allowed forward luxation of the axis 
following trauma of varying severity. For treatment 
of this condition, the author prefers reduction under 
anesthesia and immobilization in plaster, followed at 
a later date by operative fusion of the upper cervical 
vertebrae to the skull 

Two roentgenograms; 2 photographs; 7 drawings. 

Lewis G. Jacoss, M.D. 
Oakland, Calif. 


THE CHEST 


Tumors of the Breast: Preoperative Roentgen- 
ography. J. Gershon-Cohen and Philip J. Hodes. 
Surg., Gynec. & Obst. 86: 723-728, June 1948. 

The authors believe that roentgenographic examina- 
tion of the breast, as well as of the lungs and skeleton, 
should be employed routinely in the preoperative study 
of breast tumors. Roentgenography of the breast itself 
is of greatest value in those cases where clinical examina- 
tion and transillumination have failed, as in the large 
fatty breast with a smal] tumor and the rarer deep-lying 
breast mass protected from palpation by the overlying 
tissues. Occasionally, also, an additional lesion, not 
suspected on physical examination, is found. In most 
other instances, roentgenographic examination of the 
breast provides confirmation of a previously diagnosed 
tumor 

In experienced hands, the benign or malignant status 
of a tumor can often be judged, but in any questionable 
case, prompt biopsy is, of course, indicated. The roent- 
genogram can further aid the surgeon by delineating the 
pathological structure of the lesion, and it provides a 
record for comparison in those lesions that change in 
size from time to time 


The authors point out that the proper roentgen inter- 
pretation of breast tumors is extremely difficult, requir- 
ing excellent technic and considerable experience. An 
examination of both breasts and axillae should be in. 
cluded so that the metastatic, as well as the primary 
lesion, can be studied. The differential densities of the 
skin, subcutaneous fat, veins, lipoid tissue of the breast 
glandular elements, and fascia of the suspensory liga. 
ments, permit roentgenographic visualization of these 
structures. Infiltration and proliferation of large cel] 
masses are thus identified by the changes in mammary 
architecture which they produce, and by their delinea- 
tion within the surrounding lipoid structure. 

The roentgenographic changes seen in other breat 
conditions than neoplasms are also outlined. 

Twelve illustrations, including 4 roentgenograms. 

D. B. NaGLe, M.D. 
University of Pennsylvania 


Differential Diagnosis of Pulmonary Lesions. 
Stanley B. Clark. New York State J. Med. 48: 1587- 
1592, July 15, 1948. 

This is a paper written by a roentgenologist a; a guide 
for physicians in general practice, who most often are 
the first to encounter pulmonary lesions and who first 
have occasion to correlate clinical, pathologic, and 
roentgenologic data in attempting to arrive at a correct 
diagnosis. The pathologic and roentgenologic findings 
are presented with this in mind, and the lesions are 
grouped according to the underlying process. The 
main headings, with the subjects included under them, 
are as follows. Destruction of Pulmonary Tissue: lung 
abscess and gangrene of the lung, bronchiectasis, tuber- 
culosis, and the pneumoconioses. Consolidation of 
Pulmonary Alveoli: lobar or pneumococcal pneumonia, 
passive congestion, and pulmonary infarction. Changes 
in Intrathoracic Tension: atelectasis and emphysema. 
Lesions Primarily Interstitial in Location: primary atypi- 
cal pneumonia and Boeck’s sarcoid. Replacement of 
Normal Pulmonary Tissue by a Pathologic Process: 
primary and metastatic lung tumors. Alteration in 
Pleural Density: pleural thickening and pleural tumors. 


Shadows Resembling a Cavity in Laminagrams, due 
do a Shell Fragment in the Chest Wall. Roger 
Even and Guy Morin. J. frang. de méd. et chir. 
thoraciques 2: 260-261, 1948. (In French) 

On routine chest fluoroscopy in a young adult male, a 
suspicious left infraclavicular shadow wasnoted. Stand- 
ard films were reported negative but laminagrams re- 
vealed a shell fragment in the right lateral chest wall ata 
depth of 4 cm. from the back which had not been 
detected in the routine film. As more anterior segments 
were obtained with the laminagraph, a rounded trans- 
Jucent shadow was observed anterior to the foreign 
body, increasing in size as one neared the chest wall. 
These ring shadows were judged to represent artefacts. 

The authors state that highly opaque shadows in 
laminagraphic films produce images in other planes and 
that the image increases in size as the sections are taken 
progressively farther from the opacity. The configura- 
tion of the shadows depends on the type of apparatus 
used. In machines using a linear motion, the shadow is 
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linear and streaky, resembling the drooping foliage of a 
willow tree, while in machines using a circular motion 
the artefact is circular in shape. A warning is given to 
be on the alert for such a phenomenon in the case of 
highly opaque calcifications in the chest producing false 

shadows of cavities. 
Two roentgenograms. E. M. Savicnac, M.D. 
Detroit, Mich. 


Diagnosis and Treatment of Bronchiectasis. George 
E. Spencer and Edward M. Kent. Pennsylvania 
M. J. 51: 1122-1127, July 1948. 

Bronchiectasis is the second most common disease of 
the lungs, being surpassed in incidence only by tubercu- 
losis. It frequently goes undiagnosed, the symptoms 
being attributed to chronic bronchitis or asthma. 
There are four types: ulcerative, stenotic, fibrotic, and 
dry hemorrhagic. The disease usually involves one of 
the lower lobes at first but advances to other lobes as 
it progresses. 

By far the most important procedure for the diagno- 
sis of bronchiectasis is bronchography. This is best 
done in the morning, with the patient fasting. After a 
preliminary gargle with 0.5 per cent pontocain solution, 
he is seated on a stool in the fluoroscopic room, the 
tongue is grasped with the fingers, and 1.0 per cent 
pontocain is allowed to drip onto the back of it, as the 
patient breathes quietly. Up to 10c.c. of the anesthetic 
may be used. The iodized oil is then administered by 
dropping it on the back of the tongue while the patient 
“pants like a dog.’’ He is instructed to lean to one 
side while the first 10 c.c. are administered and to the 
other for the remaining 10 c.c._ This insures filling of 
the bronchi of the right middle and lower lobes, the 
lingula of the left upper lobe, and the left lower lobe. 
If the upper bronchi are to be filled, the opaque oil is 
introduced through an intratracheal catheter with the 
patient on the fluoroscopic table, the head of which is 
lowered 5 to 10 degrees. 

Postero-anterior and oblique views are usually suffi- 
cient for diagnosis. If bronchiectasis is present, the 
filled cavities will be clearly demonstrated, resembling 
the branches of a dead tree or a bunch of grapes. 

The most important medical measure is postural 
drainage, morning and night. In cases with disabling 
disease, surgery may be indicated. Penicillin has be- 
come a major factor in preparation for operation. 
Lobectomy may be performed with surprisingly little 
postoperative discomfort. 

Four roentgenograms. JosepH T. DANzeER, M.D. 

Oil City, Penna. 


Pathology of Reinfection. Some Sources of Diagnos- 
tic Errors. Walter Pagel and C. H. C. Toussaint. 
Am. Rev. Tuberc. 58: 85-97, July 1948. 

Reinfection is defined as a tuberculous infection oc- 
curring in a person in whom a previous primary infec 
tion is anatomically healed. The new lesion then will 
take the form of a focus at the site of entry of the 
tubercle bacilli, followed by a caseous focus in the 
regional lymph nodes. The term superinfection is used 
to designate a repeated infection from without in a per- 
son in whom primary infection has not healed com- 
pletely. The fresh focus of infection will not be fol- 
lowed by caseation in the regional lymph nodes. 

To illustrate the difficulties of recognizing these types 
of tuberculosis clinically and pathologically, the authors 
employ a series of short case histories. These cases, 
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mostly with postmortem observations, include ex- 
amples of endogenous infection of recent origin from an 
apparently obsolete primary lesion; persistence of the 
“soft state”’ for a long time in either or both constituents 
of a primary complex; cases of reinfection as defined 
above, and lesions simulating reinfection. 
Six roentgenograms; 5 photographs. 
L. W. Paut, M.D. 
University of Wisconsin 


Non-Tuberculous Pulmonary Calcification. John 
A. Prior. Ohio State M. J. 44: 700-703, July 1948. 

The author conducted surveys, including chest roent- 
genograms and tuberculin and histoplasmin skin reac- 
tions, on a group of 5,087 Ohio State University fresh- 
men and student nurses, all of whom were lifetime resi- 
dents of some one county in Ohio. The southwestern 
segment of Ohio gave the highest incidence of histo- 
plasmin positives, 75.8 per cent. The percentages 
tended to diminish in the neighboring areas, with the 
lowest incidence in the northeastern part of the state. 
Individuals coming from farm districts had a 9.5 per 
cent higher incidence of histoplasmin sensitivity than 
those coming from the cities. Sixteen per cent of those 
tested gave positive tuberculin reactions. Geographic 
differences were not apparent in this group, the inci- 
dence following the usual socio-economic pattern. 

It is becoming increasingly apparent that not all 
parenchymal and hilar calcification is due to tuberculo- 
sis. A large percentage of such calcifications in indi- 
viduals coming from the Southwestern States has been 
found to be due to Coccidioides immitis. Similarly, indi- 
viduals coming from the Central Eastern States have 
parenchymal calcification due to histoplasmosis. 
Palmer (Pub. Health Rep. 61: 425, 1946), who con- 
ducted a series of such tests, suggested that there may be 
a widespread benign form of histoplasmosis, as well as the 
more generally recognized fatal variety. Pulmonary 
calcification associated with positive histoplasmin reac- 
tions has been found to occur earlier in life than that in 
positive tuberculin reactors. 

Louis BERNSTEIN, M.D. 
Hartford, Conn. 


Besnier-Boeck-Schaumann’s Disease with Pseudo- 
Cystic Pulmonary Shadows. J. Brun and J. Viallier. 
J. franc. de méd. et chir. thoraciques 2: 273-276, 1948. 
(In French) 

A 39-year-old male gave a long history of functional 
and neurasthenic complaints—weakness, night sweats, 
paresthesias in the legs, severe frontal headaches, and a 
stubborn productive cough. At the age of 35, follow- 
ing a long drawn out febrile episode with cough and 
abundant sputum, a chest film was interpreted as 
showing evidence of tuberculosis. Despite prolonged 
care in and out of sanatoria, the functional disorders 
became more severe and frequent episodes of low- 
grade fever occurred, lasting two to three weeks, with 
shortness of breath, severe chest pain, and copious 
sputum. 

When seen by the authors, the patient had been un- 
able to work for two or three years. A series of roent- 
genograms extending over the past three years showed a 
bilateral widespread infiltration of the pulmonary 
parenchyma, quite dense and rather homogeneous in 
character, interspersed with clear polycyclic areas in the 
median third of both lungs. Lipiodol did not enter 
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these areas and there was no bronchial dilatation. The 
tuberculin test, sputum studies, sedimentation rate, and 
blood count were all normal. An epitrochlear node 
showed epithelioid cells surrounded by lymphocytes but 
no giant cells. Guinea-pig inoculations remained nega- 
tive. The diagnosis was Besnier-Boeck-Schaumarn’s 
disease. 

It is pointed out that nervous complaints so fre- 
quently precede or accompany this disease that they 
should be looked for in its evolution. The pseudocystic 
form of the disease has been reported very rarely. The 
authors believe it is the result of secondary emphysem- 
atous changes in the lung parenchyma following a pul- 
monary sclerosis by sarcoid tissue. The process is some- 
what similar to the lung damage in silicosis. In the 
case reported, at least, the changes appear irreversible, 
with a poor prognosis for functional rehabilitation. 

One roentgenogram. E. M. Savicnac, M.D. 

Detroit, Mich. 


Besnier-Boeck-Schaumann’s Disease with Multiple 
Localizations and with Involvement of the Myocardium 
and of the Endocardium. P. Bonnet and J. Brun. 
J. frang. de méd. et chir. thoraciques 2: 276-280, 1948 

In French 

The case reported here is that of a 17-year-old girl 
who has been followed for four years. Her disease 
apparently evolved in two successive stages. At first 
there was a syndrome of uveoparotitis with paralysis of 
the 7th and 9th cranial nerves, a polyneuritis of the 
lower extremities, and enlargement of the mediastinal 
nodes. After a considerable improvement there then 
developed a miliary type of pulmonary spread and 
cardiovascular involvement, with splenomegaly and 
enlargement of the axillary lymph nodes. There were 
only transient cutaneous manifestations of an erythema 
nodosum type followed by an erythematous macular 
rash on the legs. Roentgenograms of the bones showed 
no changes 

The cardiac lesions were manifested clinically and 
radiologically by enlargement of the heart, chiefly of the 
left ventricle. A systolic mumur with transmission to 
the axilla developed, along with a palpable thrill. The 
consulting cardiologist believed that a true mitral 
stenosis had developed, with involvement of the endo- 
cardium by sarcoidosis. To date the literature has not 
mentioned endocardial sarcoidosis. Full proof is, of 
course, not available in this instance, but in the absence 
of any clinically recognizable rheumatic fever, it was 
believed by all the consultants that the evidence was in 
favor of endocardia] and myocardial sarcoidosis. 

Two roentgenograms E. M. Savicnac, M.D. 

Detroit, Mich 


Sarcoidosis Following Primary Tuberculosis. A 
Case Report. Joseph S. Hiatt, Jr. Am. Rev. Tuberc 
58: 95-101, July 1948 

A case is reported of pulmonary sarcoidosis developing 
in 2 10-year-old Negro girl who was under observation 
for primary tuberculosis. Koentgenograms of the chest 
previously had shown a partially calcified primary com 
plex and the tuberculin test was positive During a 


follow-up examination approximately two and a half 
years later 2 considerable change was noted in the chest 
There were imear and nodular densities throughout the 
lung fields and markedly enlarged mediastinal nodes 
The previous primary complex remained unchanged 


June 1949 


Biopsy of an enlarged epitrochlear lymph node revealed 
the changes of Boeck’s sarcoid. The chest lesions and 
enlarged peripheral nodes improved and six months later 
had largely disappeared. 

Four roentgenograms. L. W. Pavt, M.D. 


University of Wisconsin 


Metastatic Pulmonary Cancer Secondary to a Symp- 
tomless Cancer of the Pancréas. R. Benda, F. Fran. 
chel, and B. Duperrat. J. franc. de méd. et chir. 
thoraciques 2: 268-272, 1948. (In French) 

A 62-year-old woman suffering from chest pain, 
dyspnea, and a non-productive cough showed, on radio- 
graphic study of the chest, numerous closely packed, 
rounded opaque nodules measuring from 0.5 to 1.5 em. 
in diameter, widely disseminated throughout both 
lungs. A thorough examination, including intensive 
radiographic and laboratory studies, failed to reveal 
the origin of these. It is particularly mentioned that 
there was no evidence of pancreatic disease. 

At autopsy, the pancreas, though normal in size, was 
found on sectioning to be considerably hardened. 
Microscopic sections showed an extensive adenocar- 
cinoma with a somewhat peculiar metastatic spread 
along the course of the nerve fibers. The lung sections 
showed metastatic adenocarcinoma. No other metas- 
tases were discovered. 

The authors comment upon the frequently atypical 
clinical course of cancer of the pancreas. Only two 
cases showing metastases to the lungs were discovered 
in the French literature during the past fifteen years 

One roentgenogram; two photomicrographs. 

E. M. Savienac, M.D. 
Detroit, Mich 


Endobronchial Metastases with Symptomatology of 
Primary Bronchogenic Cancer. Roger Even and 
Jacques Lecoeur. J. franc. de méd. et chir. thoraciques 
2: 147-151, 1948. (In French) 

Three cases of metastatic cancer of the bronchi are 
reported. The primary lesion was in the rectum in 2 
cases and in the uterus in 1 case. One of the patients 
had metastatic lesions also in the lung parenchyma, but 
in the other two the clinical manifestations were those of 
bronchial obstruction and the tumors could be differen- 
tiated from primary bronchogenic carcinoma only by 
histologic means. 

There are two types of bronchial metastases: in one, 
metastasis is directly to the bronchial wall; in the other, 
metastatic tumors in the lung parenchyma invade the 
bronchi secondarily. It is further suggested that cer- 
tain opacities which are said to represent metastatic 
tumors per se are, in reality, areas of pulmonary infare- 
tion, the result of cancer-cell emboli. 

The authors stress the importance of a careful sys- 
tematic investigation in all cases of bronchial obstruc- 
tion in order to determine whether the cause is a pri- 
mary neoplasm or a metastatic tumor. 

Nine roentgenograms; 2 photomicrographs. 

Roperick L. Tonpreau, M.D. 
The Mayo Foundation 


Secondary Bronchial Cancer with Symptomatology of 
Primary Bronchial Cancer. Lopo de Carvalho, J. M. 
Lemoine and Y. Rose. J. frang. de méd. et chi. 
thoraciques 2: 156-160, 1948. (In French) 

Seven cases of metastasis to the bronchi are reported 
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Primary lesions were in the breast (5 cases), uterus (1 
case), and testis (1 case). Diagnosis in such cases is 
not always simple. In certain tracheo-esophageal 
lesions, it is very difficult to determine the point of 
origin, since both structures have a common embryo- 
logic origin. The fact that a secondary tumor has the 
histologic characteristics of a primary tumor does not 
necessarily mean that the second tumor represents 
metastasis, for multiple primary lesions may exist. 

The authors state that, in the face of bronchial ob- 
struction, metastasis should be especially suspected (1) 
if the patient is a woman, because of the low incidence 
of primary bronchogenic carcinoma in females, and (2) 
jn all cases in which biopsy reveals adenocarcinoma. 
Six roentgenograms; 2 photomicrographs. 

RopERICK L. TONDREAU, M.D. 
The Mayo Foundation 


The Pendulum Movement of the Mediastinum in 
Pneumothorax. Lopo de Carvalho, Aires de Sousa, 
and Carlos Vidal. J. frang. de méd. et chir. thoraciques 
2: 245-251, 1948. (In French) 

Because of contradictory statements in the literature 
regarding the direction of pendulum movements of the 
mediastinum in the presence of a pneumothorax, the 
authors have studied the problem with a special 
kymograph. This instrument features both horizontal 
and vertical slits which move simultaneously at right 
angles to each other, and, when used on the chest, per- 
mits a simultaneous study of rib and diaphragm motion 
on the one hand, and of mediastinal motion on the other. 

It was found that invariably the mediastinum moves 
toward the collapsed lung during inspiration and toward 
the healthy side during expiration. This phenomenon 
occurred even in the presence of tension pneumothorax 
with greatly increased intrathoracic pressure. The only 
exception was in cases of viscero-parietal pleural ad- 
hesions or other lesions producing fixation of the intra- 
thoracic structures. 

The mediastinal motion is explained by the altered 
dynamics in pneumothorax. The increased negative 
pressure on the collapsed side during inspiration draws 
the mediastinum over, while on the healthy side the 
negative pressure increase is neutralized by the entrance 
of inspired air into the lung. 

Five roentgenograms; one drawing. 

E. M. Savienac, M.D. 
Detroit, Mich, 


Dermoid Cysts and Teratomas of the Mediastinum 
with Unusual Features. Herbert C. Maier. Arch. 
Surg. 57: 154-161, July 1948. 

The author reports four cases because of the unusual 
features of the tumors found. In the first, a dermoid 
cyst of the mediastinum extended from the hilus into the 
left upper lobe, which was largely replaced by tumor. 
In the second, a teratoma of the mediastinum was dis- 
covered in a child of four years and successfully re 
moved. In the third, two independent dermoid cysts 
were present, one projecting on cither side of the medias- 
tinum. Both were removed, but at two operations, In 


the fourth case a dermoid cyst with calcification in the 
walls was not seen to grow over a four-year period; 
nevertheless, at operation an infiltrating inoperable 
tumor was found, and the patient subsequently died of 
metastases. 

Eleven roentgenograms. 


Lewis G. Jacons, M.D, 
Oakland, Calif, 
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Incomplete Division of the Atrioventricular Canal 
with Patent Interatrial Foramen Primum (Persistent 
Common Atrioventricular Ostium). Report of Five 
Cases and Review of the Literature. H. Milton 
Rogers and Jesse E. Edwards. Am. Heart J. 36: 28- 
54, July 1948. 

The authors report 5 cases of their own and give the 
essential pathological and clinical features in an addi- 
tional 50 cases, reported in the literature, of the con- 
genital anomaly characterized by incomplete division 
of the auriculoventricular canal. In 3 of the authors’ 
cases the essential anomalies were virtually identical, 
consisting of a defect in the lower portion of the inter- 
auricular septum, a defect in the superior and pos- 
terior portion of the interventricular septum, and a 
single auriculo-ventricular canal guarded by one valve, 
which was common to both sides. The essential 
anomalies in the other 2 cases were a defect in the 
lower portion of the interauricular septum and a cleft 
in the anterior or aortic cusp of the mitral valve. The 
tissue of the aortic cusp of the mitral valve and that of the 
septal cusp of the tricuspid valve were continuous 
beneath the defect in the interauricular septum. In 
one of these latter cases there was a second interatrial 
septal defect representing a widely patent foramen 
ovale. 

In more than half of the 55 cases death occurred be- 
fore the age of one year. Only 5 patients lived beyond 
thirty years. The lesion acts as a simple interauricular 
septal defect. Secondary changes are right heart 
enlargement and widening of the pulmonary artery 
orifice. Cyanosis may be present at birth, but is usually 
acquired. Cardiac murmurs are frequently observed. 

A description of the development of the cardiac 
anomalies is included. Data for the 55 are 
tabulated, and references are appended 

Seventeen illustrations, including 3 roentgenograms; 
2 tables. Henry K. Taytor, M.D. 
New York, N. Y. 


cases 


THE DIGESTIVE SYSTEM 


Relaxation of the Gastric Mucosa Producing Pyloric 
Obstruction. Alfred Zacho. Arch. Surg. 57: 45-50, 
July 1948 

The presence of abnormally lax, redundant, and loosely 
attached mucous membrane in the pyloric region of the 
stomach may lea ~ ‘ructive symptoms, either as a 
result of actual p through the pylorus or by the 
formation of a valve-like fold over the pyloric orifice. 
A case of each type is reported, with operative findings. 
Clinically the patients had increasing attacks of severe 
cramping epigastric pain, sometimes relieved by vomit 
ing, and loss of weight. The roentgen findings in both 
cases suggested the presence of a tumor. Resection af 
the pyloric portion of the stomach led to a cure, and the 
resected specimens showed the marked laxness of the 
mucosa without other lesion 

One roentgenogram; 2 photographs 

Lewis G, Jacors, M.D, 
Oakland, Calif 


Diverticula of the Stomach; Report of 20 New Cases. 
S. P. Bralow and M,. A, Spellberg. Gastroenterology 
11; 50-82, July Hs 

The authors review the literature and present a study 
of 26 additional cases of true diverticula of the stomach 










v4) 


and 4 cases of false or acquired diverticula. The re- 
ported incidence of gastric diverticula is from 0.02 to 
2.6 per cent. There is a broad peak age incidence at 
thirty to fifty years. The posterior wall of the lesser 
curvature is the most common location. The range in 
size is considerable. The sac may contract after surgery 
so that it is much smaller than it appears, when dis- 
tended by barium, on the roentgenogram. In one of 
the authors’ cases the surgical specimen measured 7 X 4 
cem., though roentgenographically the diverticulum was 
so large as to be mistaken for a cascade stomach. 

The signs and symptoms are not characteristic and 
diagnosis is usually made by roentgenography or gastros- 
copy. The radiologic diagnosis is based on retention 
of the opaque medium: in the diverticular sac after the 
remainder of the stomach has emptied. The diagnostic 
requirements as laid down by other writers are: (1) a 
mobile sac not attached to extragastric tissues; (2) a 
well defined, smooth shadow observed from various 
angles; (3) generally absence of tenderness; (4) demon- 
stration of rugae in the mucosal lining of the neck; (5) 
location on the lesser curvature of the posterior wall of 
the cardia; (6) in some cases ability to empty the sac by 
change of position. 

Gastroscopy is of especial importance for ruling out 
other conditions, as gastric ulcer, since the appearance is 
quite characteristic. In 2 cases seen by the authors a 
lesion diagnosed radiologically as a diverticulum was 
shown gastroscopically actually to be an ulcer. In one 
case with negative roentgenograms, gastroscopy re- 
vealed a diverticular ostium, but in 2 instances a diver- 
ticulum demonstrated radiologically was missed, prob- 
ably because of its location. 

Associated gastro-intestinal disease is frequent, and 
the mere presence of a diverticulum should not be 
accepted as the sole factor responsible for symptoms. 
On the other hand, the condition may produce pain, 
vomiting, and hemorrhage of incapacitating character. 

Thirteen illustrations, including 10 roentgenograms. 

J. D. Catuoun, M.D. 
University of Arkansas 


Cavernous Angioma of the Stomach. Rosario 
Impallomeni and Aldo Greco. Radiol. med. (Milan) 
34: 343-348, June 1948. (In Italian) 

The authors describe a case of cavernous angioma 
(proved at operation) involving the upper portion of 
the greater curvature of the stomach. The radiologic 
appearance was that of a flat filling defect without 
obliteration of the mucosal folds. The clinical com- 
plaint was pain following meals. No gross or occult 
blood was found. 

Three roentgenograms. 

Cesare GIANTURCO, M.D. 
Urbana, Il. 


Leiomyosarcoma of the Stomach: Review of Sixteen 
Cases and a Report of a Case of Multiple Leiomyosar- 
comas of the Stomach. Charles P. Marvin and 
Waltman Walters. Arch. Surg. 57: 62-70, July 1948. 


Leiomyosarcoma is the rarest of the gastric sarcomas, 
constituting about 10 per cent of the total. The 
records of the Mayo Clinic from 1907 through 1946 con- 
tained 16 cases; during the same period 10,000 surgi- 
cally verified cases of gastric carcinoma were seen. The 
tumor has no sex predilection and may occur at any 
age, the average being about forty-five years. Symp- 
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toms are not specific and often resemble the ulcer syn- 
drome. The most characteristic syndrome is hemor. 
rhage, pain in the left upper quadrant or epigastrium 
and an upper abdominal mass. Achlorhydria wes 
present in 3 of the 11 patients subjected to gastric 
analysis. The roentgen picture is also not characteris. 
tic, often leading toa diagnosis of carcinoma. Schindler 
and his co-authors believed a gastric filling defect with 
central niche and fistulas to be suggestive of the diagno- 
sis, but this was not true of the series of cases here 
studied, only 1 of which showed this triad on dissection. 

The tumors varied from Grade I to Grade [I] 
(Broders); in only two were the adjacent nodes in- 
volved. Distribution in the stomach was random, all 
portions being affected. Ulceration was present in 8 
cases. 

Treatment is surgical. Ten of the authors’ patients 
had subtotal gastrectomy, 1 had total gastrectomy, and 
5 had transgastric local excision. Of 15 patients 
traced, 6 are alive for periods varying from three months 
to seven years; 2 died postoperatively, and 7 died at 
various periods up to four years. The prognosis seemsa 
little more favorable than in gastric carcinoma, 

In a detailed case report on one of these patients, the 
authors describe the presence of multiple and appar- 
ently independent leiomyosarcomas. 

Two tables. Lewis G. Jacoss, M.D. 

Oakland, Calif. 





A Study on the Occurrence of Pneumoperit 
after Gastroscopy and the Observance of Interstitial 
Emphysema of the Stomach. James Myhre and 
J. Allen Wilson. Gastroenterology 11: 115-119, July 
1948. 

Having found in the literature 13 cases of pneumoperi- 
toneum following gastroscopy, the authors made a 
study of 119 consecutive gastroscopic examinees, with 
this eventuality in mind. In each instance an upright 
x-ray film of the abdomen was made twenty-four hours 
after the procedure. In none of these was a pneumo- 
peritoneum found, but in 2 cases the roentgenogram 
showed a thin line of decreased density, presumably air, 
in the left upper quadrant of the abdomen closely 
approximating but separate from the air bubble in the 
stomach. This was diagnosed as interstitial emphy- 
sema of the stomach. The second case was followed 
serially and the density disappeared in seventy-two 
hours. Both patients were asymptomatic. 

Previous reports comment on the lack of evidence to 
suggest perforation of the stomach wall by the gastro- 
scope. The authors feel that a perforation is probably 
not necessary but that interstitial emphysema is one of 
the steps in progression to gross leakage into the peri- 
toneal cavity. 

Three roentgenograms. 

[In this same issue of Gastroenterology (pp. 127-129) 
there appears a report, by Lichstein and Wharton, of 
case of pneumoperitoneum following gastroscopy it 
which no perforation could be found at laparotomy 
three hours later.—Eb.| GEorGE Recnier, M.D. 

University of Arkansas 


Multiple Duplicative Cysts of the Duodenum Causing 
Acute Intestinal Obstruction in a Girl Five and One- 
Half Years of Age. N. Frederick Hicken, Vernm 
L. Stevenson, John H. Carlquist, and Q. B. Coray. 
Am. J. Surg. 76: 92-98, July 1948, F 

The authors report the occurrence of two duplicative 
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cysts of the duodenum, producing a compressive ob- 
struction of the descending and transverse segments, in a 
child of five and a half years. 

Congenital duplications may occur in any portion of 
the alimentary tract. If the mucosal component be- 
comes active, the retained secretions may produce a 
cystic tumefaction which by extrinsic pressure obstructs 
the parent structure. The duodenum is seldom affected 
by these congenital duplications, only 9 cases appearing 
in the literature. None of these was recognized before 
surgical intervention or postmortem examination. The 
authors’ case was considered on roentgen examination 
to be one of retroperitoneal tumors. Only at operation 
was its true nature recognized. 

The authors make the point that roentgenologic 
studies afford the only method of making an accurate 
preoperative diagnosis. The scout films usually local- 
ize the obstruction in the duodenum by outlining the 
distended, gas-filled stomach, while the small intestines 
and colon harbor but little gas. Peristaltic waves are 
seen to originate in the stomach and end abruptly at 
the obstruction. Fluoroscopy is particularly informa- 
tive, as the ingested barium can be seen to traverse the 
attenuated but displaced duodenum. As the cyst lies 
in the gastroduodenal ligament, it pushes the duodenum 
upward and outward, thereby widening the U-shaped 
appearance of the duodenal loop. The fact that the 
tumor is periduodenal immediately precludes the pos- 
siblity of a hypertrophied pyloric ring. Duodenal 
diverticula may occupy the same position but always 
communicate with the intestinal lumen and hence be- 
come filled with the contrast medium. Partial atresia 
results in a narrowed duodenal lumen which occupies a 
normal anatomic position and is not rotated, com- 
pressed, or dislocated by adjacent tumefactions. 

Remedial surgery affords the only opportunity for 
survival. Some cases may be suitable for local resec- 
tion, but in the majority a posterior gastrojejunostomy 
must be done in addition. 

Four illustrations, including 2 roentgenograms; 1 
table. MARLYN W. MILLER, M.D. 

University of Pennsylvania 


Gallstone Ileus Associated with Diverticulitis of the 
Colon. ACase Report. Irving I. Lomhoff and Jerome 
Dubowy. Am. J. Roentgenol. 60: 86-89, July 1948. 

The authors present a case of gallstone ileus with an 
associated diverticulitis. The 71-year-old patient was 
treated conservatively and recovered. She was dis- 
missed from the hospital with the diagnosis of intes- 
tinal obstruction due to diverticulitis and passed the 
large gallstone at home. In retrospect the gallstone 
was identified in the barium enema study. 

The incidence of gallstone ileus is low (0.4 to 5.0 per 
cent of all intestinal obstruction). Its importance lies 
in its high mortality, about 50 per cent. In the large 
majority of cases the stone becomes lodged in the small 
intestine. In a series of 125 cases reported by Foss and 
Summers (Ann. Surg. 115: 721, 1942. Abst. in Radiol- 
ogy 39: 751, 1942), only 3.3 per cent involved the large 
bowel. 

The importance of considering gallstone impaction in 
the differential diagnosis of intestinal obstruction is 
Stressed, especially if one is dealing with elderly females 
with a history of gallbladder disease. 

Five roentgenograms. 

James C. Katrerjoun, M.D. 
Indianapolis, Ind. 
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Chronic Relapsing Pancreatitis: An Analysis of 27 
Cases Associated with Disease of the Biliary Tract. 
Earl E. Gambill, Manfred W. Comfort, and Archie 
H. Baggenstoss. Gastroenterology 11: 1-33, July 1948. 

Chronic relapsing pancreatitis typically manifests 
itself by recurring attacks of pain in the upper part of 
the abdomen, by disturbances of function of acinar and 
islet cells, and by certain sequelae. It is a distinct 
clinical entity and does not require the presence of dis- 
ease of the biliary or gastro-intestinal tract for its 
inception or continuation. Biliary tract disease is 
present, however, in many cases. 

The authors present an analysis of 27 cases of the 
condition associated with biliary tract disease encoun- 
tered in the Mayo Clinic in the years 1939-43, and com- 
pare their findings with those in a series of 29 cases 
without associated biliary tract involvement done dur- 
ing the same period. 

Several interesting observations are made. In the 
group with associated biliary tract disease about 25 per 
cent of the patients gave a history of heavy use of 
alcohol. An acute and painful seizure usually marked 
the onset of the disease and was the most violent mani- 
festation, but the character of the pain varied. Pain 
frequency and severity usually increased. About 10 
per cent of the patients had glycosuria. In only 3 of 
the 10 cases in which the fasting concentration of blood 
sugar was determined was it greater than 120 mg. per 
100 c.c. A preoperative diagnosis of chronic pancreati- 
tis was infrequent. 

Cholecystography was done in only 3 of the 10 cases 
in which the gallbladder was present at the time of 
examination. Gallbladder function was shown to be 
normal in one, poor in a second, and absent in the 
third. Aroentgenogram of the gallbladder region, made 
in 6 cases, showed pancreatic calculi in 1. Films of the 
pancreatic region, made: in 7 cases, disclosed calcifica- 
tionin 5. In order to exclude a renal origin for the pain- 
ful seizures, excretory urography was done and served to 
reveal pancreatic calcification in 1 instance. Roent- 
genograms of the colon were normal in 5 cases, exclud- 
ing it as the source of. the trouble. 

The clinical picture of the disease is apparently fairly 
constant regardless of the presence or absence of dis- 
ease of the biliary tract, but the superimposition of the 
latter adds to the diagnostic problems. Correct diagno- 
sis depends upon a high index of suspicion, roentgeno- 
logic findings, and pancreatic function tests 

Evidence is cited supporting the thesis that in 
chronic relapsing pancreatitis, disease of the biliary 
tract may be secondary to the pancreatic disease. 

Nine photomicrographs, J. D. Catnoun, M.D. 

University of Arkansas 
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Eosinophilic Granuloma of Bone. Report of Six 
Cases. Joseph L. Platt and Richard B. Eisenberg. 
J. Bone & Joint Surg. 30A: 761-768, July 1948 

This is a report of five cases in outline and one in de- 
tail of eosinophilic granuloma of bone. The patient 
whose history is given in detail was a white male, 14 
years of age, who in January 1945 showed small irregu- 
lar and confluent cystic areas in the neck and inter- 
trochanteric region of the right femur. There was 
slight cortical thickening, suggesting periosteal reac- 
tion. Four months later, scattered osteolytic areas 
were seen in the left frontal bone, and one year later, 
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the lesion in the right femur showed considerable regres- 
sion. A year and four months after first observation, 
a similar lesion developed in the right mandible at the 
angle. A biopsy showed eosinophilic granuloma. Ir- 
radiation therapy was administered to the various 
lesions, with prompt regression. One of the other cases 
also showed a similar response to _ irradiation 
therapy. Since these lesions are known to regress spon- 
taneously, however, no definite claim for complete de- 
pendence on irradiation is made. 
Eleven illustrations including 7 roentgenograms; 1 
table. Joun B. McAneny, M.D. 
Johnstown, Penna. 


Eosinophilic Granuloma of Bone with Diffuse Pul- 
monary Involvement. Douglas D. Dickson. Califor- 
nia Med. 69: 51-53, July 1948. 

A case of eosinophilic granuloma of bone is reported 
with lesions involving the acromion, sacrum, ischium, 
greater trochanter, and vertebrae. Associated with 
these there was a diffuse nodular infiltration of both 
lung fields demonstrable roentgenographically. Bone 
biopsy revealed eosinophilic granuloma. X-ray therapy 
to the bone lesions produced a definite improvment, but 
the pulmonary lesions showed no response. 

Four roentgenograms; 1 photomicrograph. 

Mavrice D. Sacus, M.D. 
Cleveland, Ohio 


Solitary (Unicameral) Bone Cyst. Arthur G. James, 
Bradley L. Coley, and Norman L. Higinbotham. 
Arch. Surg. 57: 137-147, July 1948. 

This report deals with 26 cases of solitary bone cyst 
seen in the period 1933-46, and comparison is made 
with a group of the same number of cases seen from 
1920 to 1933. This lesion is relatively rare, occurring 
in childhood and adolescence in the proximal ends of 
long bones, especially the humerus and femur. Physi- 
cal findings are meager and non-specific; the roent- 
genogram shows a solitary area of bone destruction on 
the diaphyseal side of the epiphyseal line, circumscribed 
and surrounded by the expanded and attenuated cortex. 
Fine trabeculae often traverse the area; they are 
caused by ridges on the cyst wall. Several theories 
have been advanced as to the cause of these cysts, but 
none is entirely satisfactory. 

Treatment is surgical. In 11 cases of the present 
series a simple curettage was done, and in 14 curettage 
plus bone transplantation. One patient was not 
treated. Four recurrences, 2 single and 2 repeated, 
were treated by reoperation; 1 required resection and 
segmental graft. Cavities are filled in with bone chips 
from the tibia or iliac crest. Radiation therapy is not 
recommended because of the unavoidable exposure of 
the epiphyseal plate, leading to growth disturbances. 
No example of sarcomatous degeneration was seen fol- 
lowing surgery. 

Six roentgenogramis Lewis G. Jacoss, M.D. 

Oakland, Calif. 


X-Ray Diagnosis and Therapy in Arthritis. M. F. 
Godfrey. California Med. 69: 16-18, July 1948. 

Four types of arthritis are commonly observed by the 
clinician: (1) osteoarthritis (degenerative or hyper- 
trophic type); (2) rheumatoid arthritis (atrophic or 
proliferative); gouty arthritis; non-articular or soft- 
tissue rheumatism 

In osteoarthritis involving the interphalangeal joints 


the roentgenogram reveals narrowing of the cartilages 
and a broadening of the articular ends of the bones, 
which show a tendency toward proliferative changes at 
the periphery of the articular surfaces. In more ad. 
vanced stages there may be a “‘hill-and-valley” gtooving 
of the badly worn ends of the bones. 

In rheumatoid arthritis involving the hands, there js 
destruction of the cartilages of the proximal joints of the 
fingers, the metacarpal-phalangeal joints, and the carpal 
regions, with fusiform swelling about the proximal 
joints of the fingers. The distal joints of the fingers are 
uninvolved. No new bone is laid down about the joints, 
If the spine is involved, the extremities are usually 
spared, and vice versa. In some cases the first evidence 
of disease in the back is in the sacroiliac joints, manifest 
roentgenographically as a loss of sharp definition of the 
outlines of the articular surfaces of one or both joints, 
Eventually actual bony ankylosis occurs. 

Gouty arthritis may show no bone changes roent- 
genographically even in the late stages. When roentgen 
signs are present, they consist in definite punched-out 
areas in the subchondral bone at the heads or bases of 
the long bones of the hands or feet. Destruction of the 
articular surfaces of one or many joints may eventually 
take place. 

Non-articular or soft-tissue rheumatism may cause 
roughening of the periosteum of the long bones and is 
associated frequently with capsulitis, pericapsulitis, and 
tendon sheath inflammation. 

Roentgen therapy may be given locally over inflamed 
joints, for relief of pain, in osteoarthritis, rheumatoid 
arthritis, gouty arthritis, and in cases of capsulitis, 
pericapsulitis, bursitis, or tendinitis. It appears to re- 
lieve muscle spasm as well as to improve circulation and 
lymphocytic infiltration, but it does not deter degenera- 
tion of the joint. The author’s technic is briefly as 
follows: For the elbow, wrist, ankle, shoulder, hip, and 
knee, the dose is 100 to 150 r per treatment. Treatments 
are given twice weekly, two ports, anterior and pos- 
terior, being employed for the larger joints. Four to 
eight treatments are given. A second course of four 
treatments may be given after an interval of six to 
twelve weeks. 

For spondylitis, radiation is given along the entire 
spine, by segments, ports 10 cm. in width being used. 
Not more than half the spine is irradiated at one sitting. 
A dose of 75 r is given to each field twice weekly for 
three weeks. The course may be repeated after 
suitable intervals, but not more than 1,000 r is given to 
any one field. 

For bursitis four treatments given daily or at two-day 
intervals usually relieve spasm and pain. It is well in 
these cases to obtain a roentgenogram of the joint before 
therapy to rule out fracture or metastatic bone lesion. 

Maurice D. Sacus, M.D. 
Cleveland, Ohio 


Bone and Joint Changes in Hemophilia, with Report 
of Cases of So-Called Hemophilic Pseudotumor. Ralph 
K. Ghormley and Reed S. Clegg. J. Bone & Joint Surg. 
30 A: 589-600, July 1948. 

Of 150 patients with hemophilia seen at the Mayo 
Clinic, 76 were sufficiently severe for definite diagnosis, 
and of these, 44 or 58 per cent showed pathological 
changes in the bones and joints. All these patients were 
males; their average age was 17.3 years, The knee was 
most frequently involved, followed by the ankle, elbow, 
hip, wrist, patella, and phalanx in that order. 
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Earlicr contributions on the subject are reviewed and 
six case reports are added to the literature. These six 
patients presented pseudotumors which seemed to be 
the result of hemorrhage into the soft tissue with subse- 
quent erosion and destruction of the underlying bone, 
sinus formation, secondary infection, and terminal 
hemorrhage or infection. 

No definite description of the bone lesions is given, 
possibly due to the lack of uniformity of the process. 
The authors state that it is difficult in a given case to 
determine whether the hematoma extends from 
hemorrhage in a neighboring joint or whether the 
hemorrhage is subperiosteal or intramedullary in 
origin. 

Twenty illustrations, including 13 roentgenograms; 2 
tables. Joun B. McAnEny, M.D. 
Johnstown, Penna. 


Aseptic Necrosis in Gaucher’s Disease. Alvin M. 
Arkin and Albert J. Schein. J. Bone & Joint Surg. 
30 A: 631-641, July 1948. 

The purpose of this paper is to draw attention to the 
observation that aseptic necrosis of bone is a very 
significant factor in Gaucher’s disease of bone. 

Six case reports and the corresponding roentgeno- 
grams are presented, showing the involvement of the 
femoral capital epiphysis, with changes similar to Legg- 
Perthes disease, in patients who were known to have 
Gaucher’s disease. Some of these patients also present 
dense linear markings in the bone structure, similar to 
that seen in caisson disease. 

The characteristic bone lesion of Gaucher's disease is 
a radiolucent and rarefied area of bone, due to infiltra- 
tion of Gaucher cells. The increased density in the bone 
as here presented is believed due to the infiltration of 
the cells around the small arteries and capillaries, suf- 
ficient to cut off circulation and produce aseptic necrosis. 

Seventeen roentgenograms. 

Joun B. McANEny, M.D. 
Johnstown, Penna. 


Coexisting Multiple Myeloma and Paget’s Disease 
of Bone Treated with Stilbamidine. Carl Reich and 
Alexander E. Brodsky. J. Bone & Joint Surg. 30A: 
642-646, July 1948. 

A 52-year-old white male had been treated for four 
years for pain in the back and hips. Roentgen ex- 
amination showed diffuse osteoporosis of the thoraco- 
lumbar spine with ballooning of the intervertebral 
disks and wedging and compression of the fourth, sixth, 
seventh, and eighth thoracic vertebrae. The upper 
portion of the left femur showed characteristic Paget's 
disease of the bone; the upper right femur, moderately 
large decalcified areas without adjacent sclerosis. The 
upper portions of both humeri and the ribs showed 
punctate decalcification. Urine examination for 
Bence-Jones protein was negative. In spite of this 
latter observation, the possibility of multiple myeloma 
was considered, and further laboratory tests were 
undertaken, showing hyperglobulinemia with high total 
serum protein and serum globulin. Sternal puncture 
definitely established a diagnosis of multiple myeloma. 

This is believed to be the first reported case of Paget's 
disease complicated by multiple myeloma of the bone. 
The suggestion is offered that this combination may be 
more frequent than is realized, and that, in the presence 
of decalcification accompanying Paget's disease, bone 
marrow study should be performed. 
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The authors discuss the use of stilbamidine to relieve 
the pain and discomfort of the multiple myeloma. In 
this case definite relief was obtained and the patient re- 
turned to gainful occupation. No curative effect of the 
drug has been claimed. 
Two roentgenograms; 1 photomicrograph. 

Joun B. McANEny, M.D. 

Johnstown, Penna. 


Fracture-Dislocation of the Hip Joint: Nature of the 
Traumatic Lesion, Treatment, Late Complications, and 
End Results. Marshall E. Urist. J. Bone & Joint 
Surg. 30A: 699-727, July 1948. 

This is the third, and last, of a series on injuries of the 
hip (for the others see Am. J. Surg. 74: 586, 1947, and 
Ann. Surg. 127: 1150, 1948. Absts. in Radiology 51: 
442, 1948, and 52: 765, 1949). It reports 27 cases of hip 
dislocation associated with major fractures of the ace- 
tabulum or femoral head. These include 15 cases of pos- 
terior dislocation with fracture of the posterior rim of 
the acetabulum, 8 fracture dislocations irreducible by 
closed manipulation, and 4 instances of posterior dis- 
location with fracture of the head of the femur. 

The nature of the injury to the joint was studied in 15 
cases treated by open operation. The major damage 
was sustained by the acetabulum, the periarticular 
ligaments, tendons, muscles, the ligamentum teres, and 
the retinacula of the joint. The extent of injury to the 
acetabulum varied from small chip fractures to involve- 
ment of a large segment of the acetabular rim. It was 
observed that small fragments could come to rest be- 
tween the articular surfaces and injure them, while 
large fragments were usually displaced and on replace- 
ment would, as a rule, survive. The majer damage to 
the soft parts of the joint was usually sustained by the 
external portion of the capsule. There was almost al- 
ways some damage to the femoral head, with separation 
of the head or a circular depression, either of which may 
be overlooked on the roentgenogram. The ligamentum 
teres could not always be inspected in these studies but 
was found to be stretched and frayed in some instances. 
Blood clot and organized hemorrhage were seen in the 
retinacula in two cases. The significance of this finding 
was not noted until later, when both patients showed 
aseptic necrosis of the femoral head. The retinacula, 
three flattened bands of loose fibrous connective tissue 
containing blood vessels, lie partly within and partly 
outside the reflected capsule on the inferior, postero- 
inferior, and posterosuperior aspects of the joint. They 
carry the blood supply to the femoral head from 
branches of the medial femoral circumflex vessels. 
Their role in aseptic necrosis of the hip deserves further 
study. 

In the 15 cases with fracture of the rim of the acetabu- 
lum, the diagnosis of fracture was not recorded in 
about 25 per cent, and in several other cases extensive 
fractures were not appreciated by the surgeons who ad- 
ministered emergency treatment and manipulated the 
dislocation. The oversight is easily understood. Un- 
less one knows intimately the roentgen appearance of 
the hip joint, the fracture may seem to be obscured by 
the head of the femur in films taken before reduction. 
In cases in which the fracture was finally noted in the 
post-reduction films, a false idea of the apposition of the 
fracture lines was sometimes conveyed by examination 
of only the anteroposterior view of the hip. A true pic- 
ture of the displacement of the rim fragments is best 
obtained in a postero-oblique view, with the injured side 
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elevated 60 degrees, the patient iying supine on the 
cassette, thus placing the posterior portion of the 
acetabulum in profile. 

In the 8 cases in which the dislocated hip could not be 
reduced by closed manipulation, the difficulty was due 
either to a comminuted fracture of the acetabulum with 
intra-articular displacement of fragments, or to exten- 
sive fracture of the entire acetabulum with disorganiza- 
tion of the joint cavity. Stereoscopic roentgenograms 
were useful in demonstrating the bone fragments and 
distortion of the joint cavity in these cases. 

Gross fractures of the head of the femur are con- 
sidered rare in dislocation of the hip. As stated above, 
there were but 4 cases in this series. 

Among the complications of fracture-dislocations of 
the hip, retroperitoneal hemorrhage may occur in com- 
minuted fractures of the acetabulum where the blood is 
extruded internally beneath the parietal peritoneum 
Distention, vomiting, and fever following the injury 
should lead one to suspect this condition. 

Irritation, obstruction, or laceration of the urethra 
occurred in several cases in this series and thrombo- 
phlebitis was seen once. Thrombosis of the hemor- 
rhoidal veins may occur. Sciatic neuritis occurred, 
possibly from stretching or irritation of the nerve by the 
acetabular fragment or the femoral head. Sciatic nerve 
injury is quite a potentiality, the peroneal portion of 
this nerve being apparently more susceptible to injury 
than any other. When there is an indication of sciatic 
nerve injury with dislocation and fracture, it is thought 
that open reduction should be resorted to. 

Avascular necrosis of the head of the femur was seen 
in two patients. A review of the operative notes on 
these patients suggests that this complication is asso- 
ciated with thrombosis of either the retinaculum or the 
intertrochanteric branches of the medial femoral circum- 
flex vessels. The change occurs between six and eight- 
een months after injury and the absence of weight-bear- 
ing does not seem to prevent injury to the femoral head. 

Traumatic arthritis developed in 12 cases within a 
period of two years after injury. There were irregulari- 
ties in the articular surface opposite the defect on the 
injured side of the joint. Eventual loss of joint space 
occurred in several patients. 

The treatment of fracture-dislocation of the hip is 
thoroughly considered. 

Thirty-nine illustrations, including 31 roentgeno- 
grams; 4 tables. Joun B. McAneny, M.D. 

Johnstown, Penna. 


Coxa Plana. M. Beckett Howorth. J. Bone & Joint 
Surg. 30A: 601-620, July 1948. 

Coxa plana, known also as Legg-Perthes disease, 
Calvé’s disease, osteochondritis deformans juvenilis, and 
(though inaccurately) as aseptic necrosis of the upper 
femoral epiphysis, is more common in boys than in 
girls and in about 90 per cent of the cases is unilateral. 
The disease is fundamentally a vascular disturbance, 
followed by degenerative changes in the femoral head. 
The soft tissues about the joint become swollen, 
edematous and hyperemic, especially the synovial 
membrane. Perivascular lymphocytic and plasma-cell 
infiltration are commonly found. There is softening of 
the diaphyseal side of the disk with decalcification. 
Later there are absorption and reformation of bone 
The capital epiphysis is deformed and there is subluxa- 
tion of the hip followed by deformity of the acetabular 
surface. 


In the first stages of the disease, lasting several weeks 
there is only soft-tissue change with synovitis, Next 
comes the degenerative or active stage, lasting two 
years. This is followed by the healing stage, extending 
over three or four years, and finally the residual stage, 
with deformity. 

The most common symptom is a slight limp with Pain 
referred to the groin and the middle aspect of the thigh 
or the knee, made worse with use. The symptoms 
usually increase in severity with the advance of the 
disease until the end stage, when the disability is due to 
faulty mechanics. 

Roentgenographically, the first change noticed is a 
globular swelling of the capsule with subluxation of the 
femoral head laterally. There is no change in the shape 
of the articular cartilage as yet. Later on, there is de- 
calcification on the diaphyseal side of the epiphysis 
followed by a dense irregular area in the capital epiphy- 
sis. The head subsequently becomes decalcified and 
flattened. The neck becomes thicker and shorter. 
Still later, the decalcified areas become recalcified and 
the trabeculation reappears, but the head is flattened 
and remains subluxated. In middle life, osteo-arthritic 
changes often develop, due to faulty mechanics. 

The treatment consists essentially in prolonged rest of 
the affected joint, but numerous operative procedures 
have been used of late. 

Fifty roentgenograms; 4 photomicrographs. 

Joun B. McANEny, M.D. 
Johnstown, Penna. 


Laminagraphy Through Plaster Casts in Postreduc- 
tion Roentgenography of Congenitally Dislocated Hips. 
Bernard S. Epstein. J. Bone & Joint Surg. 30A: 778- 
780, July 1948. 

This short presentation suggests the use of laminagra- 
phy to determine the exact status of bone structures in 
patients being treated for congenital dislocation of the 
hip, who are fixed in piaster. The authors use a Kieffer 
laminagraph with a spiral motion, 150 ma.-seconds, 55 
to 60 kv., 30 inches distance, and par-speed screens. 
This procedure is said to define the bone structures bet- 
ter than the usual procedure of over-exposed Bucky 
films and to give more information as to the status of 
the bone structure. 

Two roentgenograms. JOHN B. McANeEny, M.D. 

Johnstown, Penna. 


Fractures of the Talus. Barnard Kleiger. J. Bone & 
Joint Surg. 30A: 735-744, July 1948. 

This is a review of 29 cases of fresh fracture of the 
talus. In 11 simple linear fractures through the body, 
close to its juncture with the neck, the results were uni- 
formly good with immobilization. In 2 cases compli- 
cated by additional fractures the outcome was not as 
good 

The medial articular surface was fractured once, 
the lateral articular surface five times, and the posterior 
tubercle twice in this series. If these fractures were un- 
complicated by other injuries, the result was good. 
Where a fragment of bone is displaced from the su- 
perior articular surfaces, the prognosis is not necessarily 
poor, if the fragment can be manipulated into its proper 
position. It is believed that fractures of the articular 
surface should be reduced either by closed reduction or 
by operation and the fragment left in place, in which 
case adequate healing usually occurs. 
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In 8 patients, the fracture was through the body near 
its juncture with the neck, with displacement. If the 
displaced fragment could be reduced accurately, union 
usually took place. The only exception was when the 
proximal fragment was displaced posteriorly, tearing 
the ligaments and depriving the capital fragment of its 
normal blood supply. In these cases, the result was al- 
ways bad and aseptic necrosis was likely to develop. It 
was thought that arthrodesis of the ankle joint might 
well have been done as a primary procedure in these 
latter conditions. 

Thirty-three roentgenograms. 

Joun B. McAneny, M.D. 
Johnstown, Penna. 


H. Paul Long- 
J. Bone & Joint 


Myxochondrosarcoma of the Talus. 
streth, Pio Blanco, and Samuel Sanes. 
Surg. 30A: 774-778, July 1948. 

This is a detailed case report of a 62-year-old white 
male who had a minor injury to his right ankle, followed 
by limitation of motion and tumor formation along the 
dorsum of the foot over the talus. Roentgen examina- 
tion showed destruction of the superior border of the 
talus with invasion of the overlying soft tissue. A 
biopsy was done, establishing the diagnosis of chondro- 
sarcoma. Roentgen therapy was administered for a 
total of 5,700 r to the right foot, in two courses. About 
one year later, examination showed no essential change 
in the bone. The patient then submitted to amputa- 
tion of the lower right leg. Examination of the ampu- 
tated member showed a definite myxochondrosarcoma. 
Five months later, an area of increased density was 
apparent in the right apical region of the chest, accom- 
panied by cavity formation. Tuberculosis was sus- 
pected, but apparently not metastasis. Shortly after- 
ward, the patient committed suicide. Autopsy showed 
metastatic myxochondrosarcoma in the right lung. 

This is the eleventh case of myxochondrosarcoma 
of the talus to be reported. The age is between eleven 
and sixty-two years, with 8 male patients and 3 females. 
No definite relationship between injury and tumor for- 
mation has been established. Amputation is thought 
to be the best treatment. The differential diagnosis 
between myxochondrosarcoma and osteogenic sarcoma, 
myeloid sarcoma, giant-cell tumor, and fusiform-cell 
sarcoma must be made. Chondrosarcoma grows 
slowly, as shown in the present case report, in which 
there was a lapse of three and one-half years from the 
onset of symptoms to the time of death. 

Six illustrations, including 1 roentgenogram. 

Joun B. McAneny, M.D. 
Johnstown, Penna. 


Bilateral Osteochondritis of the Tarsal Navicular 
and the First Cuneiform. A Case Report. Arch F. 
O’Donoghue, Edmund S. Donohue, and Wayne W. 
Zimmerman. J. Bone & Joint Surg. 30A: 780-781, 
July 1948. 

While osteochondritis has been found in most of the 
bones of the body, bilateral involvement of the tarsal 
navicular and first cuneiform has seldom been recorded. 
In the case reported here roentgenographic examination 
of a three-year-old boy showed that the first cuneiform 
of each foot had a fragmented, moth-eaten appearance. 
A year later both tarsal naviculars—not yet completely 
ossified—showed evidence of fragmentation. Treat- 
ment was by supportive plates. 

Two roentgenograms 
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Value of Urography in Elucidation of Nonurologic 
Complaints. Allan K. Swersie. New York State J 
Med. 48: 1607-1609, July 15, 1948 

Gastro-intestinal symptoms are often prominent in 
disease of the upper urinary tract. Because of this, 
urographic studies should be done if gastro-intestinal 
films show nothing to account for such complaints. 
Two examples illustrate this point. In one case ‘‘gall- 
bladder symptoms”’ proved to be the result of a mild 
right hydronephrosis due to constriction at the utero- 
pelvic junction. The second patient gave a history of 
epigastric pain attributed to ulcer, in spite of negative 
x-ray studies. He was found to have a crossed ectopia 
with probable fusion of the kidneys. Following pas- 
sage of a calculus he was relieved of all complaints. 

A third patient had urinary complaints and urogra- 
phy showed an extrinsic mass exerting pressure on the 
bladder. This proved to be an ovarian cyst. This 
case is thus the exact opposite of the others, an 
example of non-urologic disease producing urologic 
findings. 

Three roeutgenograms. Zac F. ENpREss, M.D. 

Pontiac, Mich. 


Pyelography as an Aid to the Differential Diagnosis 
of Upper Abdominal Masses. Charles Eberhart and 
Donald E. Beard. J. M. Assoc. Georgia 37: 265-269, 
July 1948. 

Routine retrograde and intravenous pyelography are 
useful aids in the diagnosis of upper abdominal masses. 
The authors stress, in particular, the value of lateral 
and respiratory pyelography. 

The lateral pyelogram made with the affected side 
toward the film under normal conditions discloses the 
renal pelvis and calices superimposed on the bodies of 
the 12th thoracic and Ist and 2nd lumbar vertebrae. 
The kidney occupies a vertical position. In the pres- 
ence of renal, extraperitoneal, and intraperitoneal 
masses, the kidney may be displaced or rotated to the 
point of diagnostic importance. Differentiation of 
pelvic renal calculi, parenchymal calcification, gall- 
stones, and stones in the common duct may be made 
with this technic. The lateral projection is also useful 
in the diagnosis of renal tumors and cysts, primary 
retroperitoneal tumors, and retroperitoneal infection. 
Retroperitoneal tumors may produce torsion but never 
cause deformity of the caliceal structures. If the kidney 
is rotated on two or more axes the lesion is likely to be 
intrarenal. Metastatic disease and tumors and cysts 
of the pancreas also rotate or displace the kidneys 

Respiratory pyelography is employed most advan- 
tageously in the diagnosis of perirenal disease. Fixation 
of a kidney may, however, be more apparent than real 
when the diaphragm is fixed by subphrenic disease 

The text of this paper is largely a review of the litera- 
ture. The authors’ own experience is presented in the 
form of roentgenograms with brief case histories. 

Eight roentgenograms Louris BEeRNsTerIn, M.D. 

Hartford, Conn 


Roentgen Diagnosis of Tumors of the Urinary Tract. 
Paul C. Swenson, and Francis F. Hart 
M. J. S51: 1114-1121, July 1948 

The purpose of this paper, as stated by the authors, is 
to correlate the gross pathologic changes found in 


Pennsylvania 
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urinary tract tumors with the findings on x-ray exami- 
nation. Plain films of the genito-urinary tract, intra- 
venous pyelograms, and retrograde pyelography are 
employed in diagnosis. For excretory urograms, 20 c.c. 
of diodrast or of neo-iopax is routinely given. The 
patient is questioned as to a history of allergy and the 
first cubic centimeter is administered very slowly. 
Adrenalin is kept ready for immediate use at all times. 
For retrograde pyelograms, 15 per cent skiodan is used. 

Simple cysts rarely deform the calices unless they are 
very large. They are unilateral and appear as a homo- 
geneous soft-tissue shadow with a smooth outline. 

In polycystic disease the kidneys appear to be normal 
until the cysts become large. The affection is both 
congenital and familial, and the family history, together 
with bilateral deformities, should suggest the diagnosis. 

Benign and malignant tumors of the parenchyma in 
the adult cannot be differentiated radiographically. 
One usually sees a rather huge mass deforming the 
upper or lower pole of the kidney, with the classical 
symptoms of pain and hematuria. One third of all 
renal tumors show caletficdeposits on x-ray examination. 
This finding is misleading, however, because there are 
so many other causes of calcification. Hemorrfage into 
the kidney pelvis with a resultant clot will _pseduce 
bizarre pictures on both intravenous and retrograde 
urography, and a tumor which has become so large that 
it displaces or rotates the kidney, usually elongates the 
calices and deforms the pelvis to further distort the 
x-ray findings. 

Benign and malignant tumors of the renal pelvis can- 
not be differentiated by x-ray. The papillomas and 
papillary endotheliomas deform the renal pelvis by 
their growth. The alveolar carcinomas and squamous- 
cell carcinomas infiltrate and cause little deformity. 
They metastasize early to almost every organ. 

Wilms’ tumor comprises 20 per cent of all malignant 
tumors in children. It is almost always evident clini- 
cally by the presence of a painless mass in the upper 
abdomen in the young child. A pyelogram will show a 
shift of the kidney and deformity of the pelvis due to 
pressure. 

Primary tumors of the ureters are rare, but secondary 
tumors, as a result of seeding from papillary tumors of 
the renal pelvis, are comparatively common. The 
diagnosis of these tumors is difficult because such condi- 
tions as ureteritis cystica, hydronephrosis, pyonephro- 
sis, and blood clots deform the ureters and produce a 
similar picture. 

Bladder tumors are sometimes found in double con- 
trast examinations or in cystograms, but can usually 
be better visualized by cystoscopy. 

Seven roentgenograms. JosepH T. Danzer, M.D 

Oil City, Penna 


Roentgen Diagnosis of Diffuse Leukemic Infiltration 
of the Kidneys in Children. John F. Gowdey and 
Edward B. D. Neuhauser. Am. J. Roentgenol. 60: 
13-21, July 1948. 

Infiltration of the kidneys is frequently found post- 
mortem in patients dying of leukemia (63 per cent of 
123 cases reported by Kirshbaum and Preuss: Arch 
Int. Med. 71: 777, 1943). When leukemic kidneys are 
studied by excretory urography, the roentgen appear- 
ance is characteristic, but may be confused with that 
produced by polycystic kidneys. There may be ex 
treme enlargement of the kidneys with elongation of the 
renal plevis, infundibula, and calices. Function is 


usually well preserved, and there are no rounded pres- 
sure defects. Three case reports are included, with ac. 
companying roentgenograms and photomicrographs, 
In Case III, one of the kidneys infiltrated with leukemic 
deposits was given roentgen therapy and the opposite 
kidney used as a control. The kidneys were then 
checked by excretory urography. The treated kidney 
showed reduction in size five days after irradiation, 
evidently due to destruction of radiosensitive leukemic 
cells. It is suggested that when renal enlargement js 
detected roentgenographically by excretory urography, 
the diagnosis of leukemia may sometimes be inferred. 
Five roentgenograms; 4+ photomicrographs; 1 photo- 
graph. James C. KATTERJOHN, M.D. 
Indianapolis, Ind. 


Diagnosis and Management of Ureteral Ectopia. 
Thomas D. Moore. J. Urol. 60: 50-62, July 1948. 

The author reports 5 cases of ureteral ectopia and re- 
views the symptomatology, diagnosis, and treatment, 
referring to several other cases reported in the litera- 
ture. In the female, the ectopic ureteral orifice is 
found in the urethra, the vestibule, the vagina, or the 
uterus. Since all of these locations are distal to the 
vesical sphincter, urinary incontinence with constant 
dribbling is the usual presenting symptom. In the 
male, however, in whom the ectopic ureteral opening is 
most often found in a seminal vesicle, ejaculatory duct, 
or the posterior urethra, all of which are proximal to the 
external vesical sphincter, urinary leakage is not pres- 
ent and the presenting symptom complex is that of 
unexplained pyuria. 

Embryologically, the ureter from the upper segment 
in renal duplication develops at a later date and is 
therefore the one usually showing an ectopic orifice. 
Pathologically, the most frequently encountered type of 
ureteral ectopia is a complete unilateral duplication of 
pelvis and ureter with an ectopic opening of the super- 
numerary ureter. Not infrequently, coexisting anoma- 
lies of the genital and urinary tracts are found. The 
ectopic orifice is often extremely small and difficult to 
visualize, with diffuse ureterectasis and pyelectasts 
above the narrowed terminal opening. Because of 
resulting urostasis, approximately 90 per cent of such 
cases show evidence of infection. The segment of kid- 
ney drained by the aberrant ureter may be hypoplastic 
or hydronephrotic. 

In the author's opinion, intravenous pyelography pro- 
vides the most important diagnostic aid, especially 
when the ectopic ureteral opening is demonstrated and 
can be subsequently catheterized. In retrograde pyelog- 
raphy, however, it must be borne in mind that the 
lower segment of a duplicated kidney can assume essen- 
tially the outline of a normal kidney. Careful inspec- 
tion of possible sites of the ectopic orifice with a direct 
vision cystoscope is another important diagnostic pro- 
cedure. The efficacy of the latter may be augmented 
by the intravenous administration of indigo carmine, 
which will subsequently appear at the ectopic orifice. 

In treating a case of normally functioning kidney 
with a single ectopic ureter, it is aimed to conserve the 
kidney by transplantation of the aberrant ureter to the 
bladder if the ureterectasis does not contraindicate the 
procedure. If a marked degree of ureterectasis exists, a 
complete heminephro-ureterectomy or nephro-ureterec- 
tomy may be necessary, since conservative ligation of 
the ureter results in a high percentage of failures. 
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Heminephrectomy is the operation of choice in cases of 

duplication where the blood supply is not intricate ; 

otherwise, complete nephrectomy may be necessary if 

there is a normal opposite kidney. 

Six roentgenograms. Pau. W. Horrert, M.D. 
University of Pennsylvania 


Recognition and Surgical Correction of Retrocava! 
Ureter: A Case Report. C. D. Creevy. J. Urol. 60: 
26-30, July 1948. 

Thirty-eight cases of retrocaval ureter have been re- 
ported in the literature. Approximately half of the 
cases are asymptomatic and the other half cause symp- 
toms of obstruction and hydronephrosis. 

Retrocaval ureter is an anomaly of the venous system 
in which the vena cava is formed from veins that lie 
anterior to the ureter in the embryo, and which normally 
disappear early in the course of development. The 
ureter thus passes behind the vena cava a short distance 
below the renal pelvis. Its aberration in course is 
characteristic and readily identifiable on a pyelouretero- 
gram. 

A case is reported with preoperative diagnosis and 
successful correction. 

Four roentgenograms. VERN W. Ritter, M.D. 
University of Pennsylvania 


THE BLOOD VESSELS 


Diagnosis and Treatment of Arteriovenous Aneurysms 
in the Vicinity of the Cerebral Hemispheres. G. Weber. 
Schweiz. med. Wchnschr. 78: 629-634, July 3, 1948. 
(In German) 

This report covers 15 cases of arteriovenous aneurysm 
of the cerebrum, all demonstrated by arteriography. 
This condition is a congenital anomaly rather than a 
true tumor. Clinically the patients fell into several 
groups. Four patients had epileptiform seizures; 4 
showed the residua of subarachnoid hemorrhage with or 
without a hemiparesis; 6 had signs of both subarach- 
noid hemorrhage and epiieptiform seizures. One pa- 
tient, a girl of nine, had monthly migraine accompanied 
by nausea and vomiting, with a slowly progressive left 
hemiparesis. 
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The symptoms of headache, vomiting, and dizziness 
have been described as typical of intermittent elevation 
of the intracranial pressure, and in arteriovenous 
aneurysm they are usually accompanied by jacksonian 
attacks, and almost always by hemiparesis. In 14 of 
these patients the symptoms began between the eighth 
and twenty-eighth years; in one the onset was at thirty- 
six years. Onset in later life, however, is not extremely 
uncommon. The conclusive proof of the diagnosis in 
each of the author’s patients was obtained by cerebral 
arteriography, and some fair reproductions of a selec- 
tion from these arteriograms accompany the paper 

Treatment is of three types; direct exposure with 
radical extirpation, ligature of the homolateral internal 
carotid artery, and irradiation. One of the author's 
patients, was not treated and his subsequent course is 
not known. One was treated by extirpation, and re- 
covered, but with occasional residual attacks; one had 
x-ray therapy only (8,000 r), with no relief from his 
attacks, but no progress of the disease and full working 
ability. The other 12 had carotid ligation, and in 10 
x-ray therapy—from 2,400 to 8,140 r—was given in 
addition. In only one of these was there a slight and 
transitory hemiparesis as a result of treatment, and 
none became unconscious, somnolent, or aphasic. Pre- 
existing hemiparesis was not greatly changed by the 
ligature. One patient showed a slight psycho-organic 
injury as a result of this treatment. Of the 12, one 
died of intercurrent pneumonia after three months; 
the others showed a lessened tendency to subarachnoid 
hemorrhage, especially after irradiation; seizures were 
lessened in number, but the use of phenobarbital makes 
this finding hard to evaluate. 

Of the types of therapy available, extirpation has the 
advantage of complete cure of the lesion, but the as- 
sociated damage will be maximum. The combination 
of ligature and irradiation does not produce as perfect 
results, but does less damage to the surrounding brain 
tissues. Individualization of treatment is essential, 
but the author inclines to favor ligation plus irradiation 
in most cases. 

Four roentgenograms; 1 table. 

Lewis G. Jacoss, M.D. 
Oakland, Calif. 


RADIOTHERAPY 


Roentgen Treatment .vr Extensive Epithelioma of 
the Larynx. Results in 139 Cases. Arthur U. Desjar- 
dins, Frederick A. Figi, and Luther M. Vaughan. Am. 
J. Roentgenol. 60: 29-36, July 1948. 

“To practice medicine means not only to try to cure 
patients when this is feasible, but also to relieve suffer- 
ing in any form when a cure is impossible."" With this 
premise in mind, the authors treated 139 patients with 
extensive and advanced laryngeal epitheliomata from 
1936 through 1945. They used 200-kv. roentgen 
therapy, Thoraeus filter, and a target-skin distance of 
50cm. Two portals were employed (one directed to 
each side of the larynx) except in very large lesions, for 
which the number was increased to three (two on the 
most extensively involved side). The patients were 
treated daily (except Sunday) with 200-400 r to one 
portal. After trial and error it was found that the 
optimum dose was 3,500 to 4,000 r to each of two fields 
The fields were larger (18 X 12 to 12 & 18 cm.) than 
customarily used by most therapists, but they had to be 





large to include all of the bulky lesions which were 
treated. 

A very high degree of palliation was obtained in al- 
most all of the cases in this series, and 12 of 71 patients 
treated up to 1942 were alive for periods of five to 
eleven years—a five-year survival rate (not cure rate) of 
17. per cent, despite the fact that all had such ad- 
vanced disease that surgery was not feasible. In the 
authors’ words: indeed, a more unfavorable group 
of cases would be hard to find.” 

In discussing this paper, Dr. Douglas Quick states: 
“Such results demand, for irradiation, a trial in the less 
advanced cases; and for the more favorable and earlier 
cases they demand at least a consideration of radiation 
on an equal basis with surgery." Certainly the authors 
clearly demonstrate by this excellent paper that one 
cannot discount the importance of irradiation in the 
management of carcinoma of the larynx 

One table James C. Karrerjoun, M.D 
Indianapolis, Ind 
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Late Results of Radium Therapy for Carcinoma of the 
Uterine Cervix. Harry H. Bowing and Robert E. 
Fricke. J. A. M. A. 137: 935-941, July 10, 1948. 

Thirty-two years of experience are reflected in this 
report of 2,246 patients with carcinoma of the cervix 
treated with radium and roentgen therapy. Various 
factors are evaluated, such as age, extent of the primary 
lesion, and previous treatment, and an attempt to for- 
mulate a basis for prognosis is considered. The progno- 
sis for the patient under forty-nine years of age is not as 
good as that for older patients. The most important 
factor is the stage of the disease. The more localized 
it is, the better the prognosis. 

The authors justly emphasize the necessity for 
evaluation of each patient and for close observation 
and follow-up. Of their patients traced five years after 
leaving the hospital, 33 per cent were living. 

Seven tables. Pau W. Roman, M.D. 

Baltimore, Md. 


Krukenberg Tumor with Osteoplastic Metastases. 
Joseph H. Zeigerman. Am. J. Obst. & Gynec. 56: 187- 
190, July 1948. 

This concise informative article describes a case of 
ovarian carcinoma with bone metastases of a pre- 
dominantly osteoplastic nature. Previous reported 
cases describe the opposite picture of bone pathology, 
namely osteoclasia. 

A 27-year-old woman complained of vagina! bleeding 
and of a mass in the abdomen. A salpingo-oopho- 
rectomy for a right ovarian tumor had been per- 
formed one year previously, but the exact nature of the 
tumor was not determined. A second operation 
revealed an ovarian tumor representing mucoid car- 
cinoma of the Krukenberg type. Studies of the gastro- 
intestinal tract were negative. Three courses of irradia- 
tion therapy were proposed, but shortly after the first 
course an x-ray survey of the entire skeleton, prompted 
by pain in the dorsolumbar spine and the thighs, re- 
vealed widespread osteoplasia of varying degrees. 
The patient died three months after the onset of the met- 
astatic bone symptoms and eight months after the sec- 
ond operation. 

No cause for the predominant osteoplasia is given; 
however, the author considers the possibility of a hor- 
monal relationship, since estrogens may cause a deposi- 
tion of calcium in the secondary. trabeculae of the bone. 

Two roentgenograms; 1 photomicrograph. 

Ropert H. LeEaminc, M.D. 
Jefferson Medical College 


Wilms’ Tumor. 
25, July 1948. 

The author reviews 7 cases of Wilms’ tumor seen at 
the Wilkes-Barre (Penna.) General Hospital from 1937 
to 1945. Of these, 2 were first seen after the develop- 
ment of multiple metastases. In the other 5 cases 
nephrectomy was done and 3 of the patients have sur- 
vived six, five and two years, respectively. Of these, } 
had preoperative roentgen therapy and all had post- 
operative irradiation. 

The author feels that early nephrectomy, either trans- 
peritoneal or lumbar, followed by adequate roentgen 
therapy is the treatment of choice. 

Eleven illustrations, including 3 roentgenograms. 

Joun O. LAFFEerty, M.D. 
University of Pennsylvania 


William J. Daw. J. Urol. 60: 18- 


Treatment of Bladder Tumors. 


June 1949 


Archie L. Dean. 


J. Urol. 60: 92-97, July 1948. 

The author has analyzed and classified bladder 
tumors according to the best method of treatment 
under the following headings: (1) transurethral electro. 
coagulation; (2) transurethral implantation of radon 
seeds with or without electrocoagulation; (3) segmental 
resection of bladder wall; (4) suprapubic Cystotomy 
with implantation of radon seeds with or without elec. 
trocoagulation; (5) uretero-intestinal anastomosis with 
removal of bladder and prostate; (6) cutaneous ureteros. 
tomy with removal of bladder and prostate; (7) roent. 
gen therapy. 

The therapeutic indications are summarized in seven 
tables, of which those having to do with irradiation are 
reproduced here, though the article is well worth read- 
ing in its entirety. 


Transurethral Implantation of Radon Seeds With or 


Without Electrocoagulation 


Single papillomas or single papillary carcinomas 


1. 


Favorably situated as regards 

(a) Complete cystoscopic vision 

(b) More than 1.5 cm. from ureteral orifice 

Not larger than 2.5 cm. base diameter. No 
infiltrating tumors. 


Suprapubic Cystotomy with Implantation of Radon Seeds 


A. 


B. 


A. 


B. 


With or Without Electrocoagulation 
Papillomas too large or unfavorably situated for 
transurethral treatment or segmental resection 
Carcinomas (papillary or flat) no larger than 3 em. 

in diameter 

Tumors may touch trigone but must be at least 
1.5 cm. from urethral orifice. These growths 
are not resectable and do not infiltrate the 
prostate 

If radon seeds are placed within 1.5 cm. ofa 
ureteral orifice, the ureter should be reim- 
planted in the bladder 


Roentgen Therapy 
Contact therapy for conditions better treated with 
radon seeds or resection 
High-voltage and supervoltage (the latter prefer- 
able for tumors as deeply situated as those of 
the bladder) 

For palliation in old, feeble patients with exten- 
sive anaplastic tumors and minimal ureteral 
obstruction 

Joun M. Puixuips, M.D. 
University of Pennsylvania 


Roentgen Therapy of Malignant Tumors of the Testis. 


Eugene T. 


Leddy. Am. J. Roentgenol. 60: 39-4, 


July 1948. 

The principles advocated by the author for the treat- 
ment of testicular tumors are based upon an experience 
with at least 500 cases in the past twenty years. 

Biopsy should consist of simple orchiectomy without 


preoperative irradiation 


Tissue examination will then 


reveal one of the following types of lesion: (1) teratoma, 


(2) 


adenocarcinoma of the testis. 


adenocarcinoma of the seminoma type, or (3) 
Seminomas and tera- 


tomas constitute about 95 per cent of the total. 
Irradiation of seminomas and their secondary de- 
posits is best carried out with roentgen rays of moderate 


voltage (130 to 140 kv.) 


Intermediate voltage is used 
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because treatment must always be extensive, because it 
is believed that there is no difference in the effectiveness 
of this type of radiation and that generated at higt er lev- 
els (200 to 250 kv.), and because less harm will be done 
to the patient if this type of treatment is used. Four 
anterior abdominal fields and four corresponding pos- 
terior fields are treated; the mediastinum and the left 
supraclavicular space are always treated. Each field 
receives about 540 r (total dose, in air) ; two fields are 
treated daily, depending on the patient’s tolerance. A 
similar course of treatment is again given one month 
later, and if metastatic deposits have been present in 
the abdomen before operation, a third course is given 
after a lapse of two months. The blood count is care- 
fully watched during treatment. 

That the methods of treatment employed are satis- 
factory is confirmed by the statistical study of Cabot 
and Berkson, who reported a 71 per cent survival for 
patients with seminomas recciving roentgen therapy 
and a 58.8 per cent survival without roentgen therapy. 
{Cabot and Berkson’s study (New England J. Med. 
220: 192, 1939. Abst. in Radiology 34: 259, 1940) 
was based upon a series of cases seen at the Mayo Clinic 
up to 1937 and must, therefore, have included a con- 
siderable number of the cases upon which the present 
paper is based.] The relation of the results to the ex- 
tent of the disease is not discussed. In general, how- 
ever, it was found that for cases with no evidence of 
abdominal metastases at the time of irradiation the 
three-year survival rate was twice as high as in cases 
known to have secondary disease in the abdomen. 

The symptoms of para-aortic lymph node involve- 
ment are: dull aching pain in the back, bloating, 
belching, fullness in the abdomen, and constipation. 
When a definite mass of lymph nodes cannot be pal- 
pated in the abdomen, vague resistance to tke ex- 
aminer’s hand and tenderness on deep palpation are 
usually considered suggestive of metastatic disease. 
Metastases may also be detected by excretory urog- 
raphy and other forms of roentgenography. Follow- 
ing involvement of the para-aortic nodes, the left 
supraclavicular lymph nodes are involved, and later 
the peribronchial nodes. 

Since it is well known that seminoma of the testis re- 
sponds well to roentgen therapy, the therapeutic test 
can often be used with high accuracy to judge the 
nature of metastatic lesions when their histopathology is 
unknown. 

Malignant teratomas do not respond very well to 
roentgen therapy in Leddy’s experience. Since some 
tumors may be an admixture of seminoma and malig- 
nant teratoma, they may respond initially, but continue 
to grow after the more sensitive elements have been 
destroyed. 

“For the treatment of seminomas, roentgen therapy 
has assumed a position of prime importance and has 
altered the prognosis from one of hopelessness to one of 
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subdued optimism. This is quite different from the 
prognosis of malignant teratoma of the testis. . . no 
technique of treatment which we have used within the 
limits of safety has been more than temporarily effective 
in the treatment of metastatic lesions caused by malig- 
nant teratomas.”’ James C. KaTTERJOHN, M.D. 
Indianapolis, Ind. 


Roentgenologic Treatment of Lymph Nodes and 
Spleen in Brill-Symmers Disease. Sidney Rubenfeld. 
J. A. M. A. 137: 849-852, July 3, 1948. 

This paper is based upon observations on 9 cases of 
giant follicular lymphadenopathy (Brill-Symmers dis- 
ease) and 10 cases of polymorphous-cell sarcoma (of 
Symmers). Giant follicular lymphadenopathy may 
remain unchanged throughout life; it may undergo 
transformation into lymphosarcoma, lymphoid leuke- 
mia, Hodgkin's disease, reticulum-cell sarcoma, or it 
may develop into polymorphous-cell sarcoma. 

Giant follicular hyperplasia has been mistaken 
clinically for Hodgkin’s disease. Its histologic picture, 
however, is distinctive. There is numerical and dimen- 
sional hyperplasia of lymph follicles, consisting ex- 
clusively of small lymphocytes. The follicles may re- 
main intact or may rupture and permit escape of their 
cell components into the substance of the nodes. In 
the latter event the disease is transformed into poly- 
morphous-cell sarcoma. 

The author’s patients ranged in age from twelve to 
fifty-nine years. There were 5 females and 14 males. 
Enlarged lymph nodes were the outstanding feature. 
These varied from 1 to 3 cm. in diameter and presented 
no characteristics to distinguish them from the other 
lymphomas. Splenomegaly was present in 3 cases 
and in 1 the liver was enlarged. There was a per- 
sistent leukopenia in 4 patients. 

Two-hundred-kilovolt roentgen therapy was used to 
treat the lymph nodes and spleen, with two note- 
worthy variations in response. The nodes in giant 
follicular lymphadenopathy receded or disappeared 
under doses of 800 to 1000 r (measured in air). The 
nodes in polymorphous-cell sarcoma regressed only 
after doses of 2,000 to 3,000 r and frequently showed a 
latent period of reaction in contrast to the rapid dis- 
appearance of the nodes in giant follicular lymphade- 
nopathy. 

Sixty-six per cent of patients with giant follicular 
lymphadenopathy and 60 per cent of those with poly- 
morphous-cell sarcoma are apparently well five or more 
years after institution of treatment. The disease de- 
velops and progresses slowly and in its early phase is 
reversible or curable. When a dedifferentiated struc- 
tural modification has occurred, the course is irreversible 
and the outcome is fatal. 

H. R. Zatzxin, M.D. 
University of Michigan 


Seven illustrations. 


RADIOACTIVE ISOTOPES 


Study of Peripheral Vascular Disease with Radio- 
active Isotopes. Part I. Daniel C. Elkin, F. W. 
Cooper, Jr., R. H. Rohrer, W. B. Miller, Jr., Patrick 
C. Shea, Jr., and E. W. Dennis. Surg., Gynec. & 
Obst. 87: 1-8, July 1948. 

Two methods for the use of radioactive sodium 24 in 
the investigation of circulatory physiology of the 
extremities are compared and discussed. 





One method consisted in the intravenous injection of 
radioactive sodium into the antecubital vein, with 
determination of the circulation time to the leg and to 
the foot; curves were obtained by plotting the counting 
rate of Geiger-Miiller detectors against time. Varia- 
tions in circulation time by this method were found to 
be so wide in normal individuals that results would be 
rendered valueless in the diagnosis of circulatory dis- 
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orders. A great many variables and uncontrollable 
factors are involved in the procedure. 

The second method involved injection of radioactive 
sodium directly into muscle and recording its rate of 
removal. This was believed to permit an objective 
evaluation of the effective blood flow through the capil- 
laries, for the removal of the sodium from the muscle 
depends upon the volume of blood flow. A linear ex- 
pression of the removal rate of the sodium is obtained 
by plotting counts per minute against time on semilog- 
arithmic paper. A numerical logarithmic expression 
“K”’ of the slope of the line is used for comparative 
studies. Such studies have been made in 115 indi- 
viduals, and are to be reported at a later date. 

An electromechanical apparatus was designed for 
automatically recording impulses received from four 
Geiger-Miiller tubes simultaneously. The counts are 
translated by electronic circuits into currents which 
activate pens of mechanical recorders. 

Three photographs; 3 charts. 

ALLAN K. Briney, M.D. 
University of Pennsylvania 


EFFECTS OF 


Basal Metabolism in Cancer Patients in Relation to 
Radiotherapy. D. Agostini and P. Lorenzini. Radiol. 
med. (Milan) 34: 415-420, July 1948. (In Italian) 

The authors studied the basal metabolic rate of 56 
cancer patients before, during, and after radiation 
therapy. From their observations they conclude that 
the basal metabolism rate is elevated 15 to 25 per cent 
in cancer patients before any treatment is given and 
goes even higher during radiation therapy, especially 
with radium. After treatment, the basal metabolism 
rate remained elevated in 48 per cent of the patients, 
was normal in 32 per cent, and low in 20 percent. The 
weight of the patients varied inversely as the basal 
metabolic rate. 

Many breast cancers showed a decreased basal metab- 
olism rate following treatment, probably because of 
radiation effect on the thyroid or upon the sympathetic 
chain. 

One chart. CESARE GIANTURCO, M.D. 

Urbana, III. 


Generalized X-Ray Exanthema (Report of a Case). 
H. Schreiber. Radiol. clin. 17: 207-212, July 1948. 
(In English) 

A woman of 40 was given postoperative irradiation to 
the left chest and axilla following a microscopic diagnosis 
of carcinoma simplex of the breast and a ‘‘wide excision 
of the mamillary region.’’ She received 1,440 mg.hr. 
to a palpable node in the axilla (type of radium appli- 
cator not stated) followed by a series of roentgen treat- 
ments, with 1,000 r to the lateral, 1,200 r to the medial, 
and 200 r to the inferior part of the breast, and 1,200 r 
to the anterior and 1,600 r to the posterior axilla (200 
kv., 4 ma., 0.5 mm. copper and 1.0 mm. aluminum 
filter, 10 X 15-cm. fields, 40 cm. focal skin distance, 
200 r per treatment); 250r additional were given to the 
sear (160 kv., 4 ma., 1.0 mm. aluminum filter, 40 cm. 


Thyrotoxicosis Factitia (Alimentary Thyrotoxicosis): 
Its Differentiation from Spontaneous Thyrotoxicogig 
with the Aid of Radioactive Iodine. Bengt N. Skanse 
and Douglas S. Riggs. J. Endocrinol. 8: 532-543, July 
1948. 

A case of secretly self-induced thyrotoxicosis (thyro- 
toxicosis factitia) is described, and a second case jn 
which circumstantial evidence strongly favored the 
same diagnosis is also discussed. In both patients the 
clinical picture was indistinguishable from that of en. 
dogenous thyrotoxicosis. The differential diagnosis was 
facilitated by the use of tracer doses of radioactive 
iodine. In endogenous thyrotoxicosis the urinary 
excretion of radioactive iodine is low compared to that 
of euthyroid individuals. In thyrotoxicosis factitia the 
excretion of radioactive iodine is higher than normal, 
Since the serum protein-bound iodine is elevated inde- 
pendently of the source of iodine-containing hormone, 
this test is not contributory to the differential diagno- 
sis. Other conditions which may produce the same 
condition of elevated serum protein-bound iodine and 
high excretion of radioactive iodine are discussed. 


RADIATION 


F.S.D.). This led to erythema and desquamation 
which two weeks following completion of the treatment 
was regressing. About three days after this, however, a 
dark red, painful area extending far beyond the treated 
area had appeared. The temperature was normal. 
Treatment with calcium and benadryl (on the supposi- 
tion of an allergic reaction) was without effect, and the 
lesion progressed, finally involving an area on the left 
forearm not in continuity with the rest of the lesion. 
This rash was partly homogeneous, partly composed of 
macules with a tendency to coalesce. The general con- 
dition remained good. A leukopenia of 2,400 white 
blood cells was noted, but was believed to be due to the 
previous irradiation. At the beginning of treatment, 
the percentage of eosinophils was 7; at the height of the 
reaction, it was between 2 and 3. Bland local applica- 
tions were used, and recovery eventually occurred. 
The diagnostic possibilities are considered at some 
length, with the conclusion that this represents a non- 
specific generalized post-irradiation erythema. 
Three drawings. Lewis G. Jacoss, M.D. 
Oakland, Calif. 


X-Ray Injuries: The Preventable Occupational 
Hazard. Shirley J. DeVoe and George M. Corney. 
New York State J. Med. 48: 1601-1602, July 15, 1948. 

The fundamental points in x-ray and radium protec- 
tion are emphasized rather briefly in this article. Some 
things are not given the proper emphasis, 7.e., the dis- 
carding of old cracked gloves, the use of filters on the 
fluoroscopic tube, limitation of fluoroscopic time, the 
prime importance of distance in radium protection, etc. 
These are errors of omission, however, and since the 
things that are discussed involve every radiologist’s 
daily life, it would be worth while to refresh one’s 
memory by reading the article in the original. 

Zac F. EnprREss, M.D. 
Pontiac, Mich. 
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(ab) oril, GO4 

KERR, H. ba NEY, April, 586 

KEYES, EDWARD L.: E pithelial bladder tumors attacked by 
radons and fulguration during the years 1926-1988 (ab) 


April, 617 
KHOO, FUN-YONG, CHANG, PING-YI, LEE, CHING-TAN, 
and FAN, KUO-SHENG: Multiple cartilaginous exos- 


Ewing's sarcoma 


toses (hereditary deforming chondrodysplasia ab) 
May, 762 
KIDNEYS 


See also Hydronephrosis; Pyelography 

extreme renal displacement due to retroperitoneal tumors 
(ab), Laurence F. Greene, Jan., 146 

medial ptosis (ab), George C. Prather, Jan., 146 
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KIDNEYS—<ont. 
—renal manifestations of periarteritis nodosa (ab), R. K. 
Womack and W. R. Mathews, March, 460 
—roentgen consideration of pyelonephritis in small kidneys 
(ab), Eugene P. Pendergrass, et al, May, 767 
—roentgen diagnosis of diffuse leukemic infiltration of kidneys 
in children (ab), John F. Gowdey and Edward B. D. 
Neuhauser, June, 900 
calculi 
—pancreatic lithiasis and renal lithiasis in same patient (ab), 
George M. Fister and Anthony J. Lund, March, 454 
—renal complications of hyperparathyroidism (ab), Edgar 
Burns and C. Mark Whitehead, March, 460 
caacer 
—subepithelial hemorrhage of renal pelvis simulating neo- 
plasm (ab), William Antopol and Lester Goldman, 
March, 461 
cysts 
—dyspepsia and serous cysts of kidney (ab), Earl E. Ewert 
and Lloyd D. Flint, May, 768 
—renal rickets and polycystic disease of kidney (ab), Herman 
L. Kretschmer, April, 614 
—simple cyst of pelvis: diagnosis and treatment with case 
presentation (ab), Vincent J. Oddo, Jan., 146 
pelvis. See also Kidneys, cysts 
—experimental pyelorenal reflux (ab), Giacinto Piccolo and 
Giuseppe Longo, April, 620 
—studies on back-flow in excretion urography (ab), Olle Olsson, 
Feb., 298 
—subepithelial hemorrhage of pelvis simulating neoplasm 
(ab), William Antopol and Lester Goldman, March, 461 
tumors 
—cavernous hemangioma (ab), Alan J. Chenery and Alfred H 
Benson, Jan., 146 
—sickle-cell disease with severe hematuria simulating renal 
neoplasm (ab), Martin S. Abel and Chester R. Brown, 
Feb., 298 
—thrombosis of inferior vena cava due to hypernephroma 
(ab), Martin M. Fisher and Norton D. Ritz, April, 616 
—Wilms’ tumor (ab), William J. Daw, June, 902 
—Wilms’ tumors (ab), Hans R. Sauer, Feb., 304 
ner << E.: Doentgun therapy of induratio penis plastica 
Jan., 152 
KING, “TOSEPH E. J.: Diploic epidermoid -nd extradural 
pheumatocele cranial defects and deformity (ab), May, 


KINKADE, JOSEPH M.: Angiosarcoma of the petrous portion 
of the oper bone. Report of a case (ab), Feb., 294 
seer: 1% .J.: Diagnosis of gastric disease: should radiology 
f the stomach be abandoned? (ab), May, 756 
KJELLBERG, SVEN R.: Mediastinal abscess diagnosed by 
roentgen (puncture under fluoroscopic control and injec- 
tion of a water soluble contrast medium) (ab), April, 601 
Previously unreported sign of foreign bodies in the trachea (ab), 
April, 600 
Water soluble contrast medium for the precise roentgenological 
sel nat of cysts of gpuee bile duct (ab), April, 607 
ARSSON, HARR 
KLEIGER. BARNARD: ia of the talus (ab), June, 898 
ELUG, prt ss P., ALEXANDER, LEROY, and KUMMER, 
ELIZABETH: xX- -ray diffraction analy sis of crystalline 
ion ny May, 750 
KNEE 
See also Patella 
—fractures of tibial condyles involving the knee joints (ab), 
Edwin F. Cave, Feb., 296 
KOHLER, H., and HAENISCH, F.: End-results in the treat- 
ment of carcinoma of the cervix (ab), Jan., 150 
KORBLER, JURAJ: A rare case of damage caused by roentgen 
radiation (ab), Jan., 155 
KRAULAND, W. See FRANKE, H. 
ERAUS, acm R., MELNICK, PERRY J., and WEINBERG, 
5 OSE A. Myoblastoma of the bronchus (ab), May, 


747 

KRAUS, JOHN E. See IRVIN, G. E. 

KRETSCHMER, HERMAN L.: Renal rickets and polycystic 
disease of the kidney (ab), April, 614 

KRIDELBAUGH, WILLIAM W., and WYMAN, ALVIN C.: 
Osgood- Schlatter’ s disease (ab), March, 4! 1 

KRUGER, H. E. See PRINZMETAL, MYRO 

KRUKENBERG TUMORS. See Ovary, ey 

KULCSAR, DAVID D.: Chinese maternal and fetal measure- 
ments (ab), April, 613 

KUMMER, ELIZABETH. See KELUG, HAROLD P. 

KYMOGRAPHY. See Heart 


L 
LABOR 


—opisthotonos fetalis in breech presentation; case with bi- 
lateral congenital posterior disiocation of the tibiae (ab), 
George F. Melody, April, 614 

ee of acetabula as complication (ab), Jens Petersen 


LAMBERT, ADRIAN: Carcinoma of the lung (ab), May, 747 
GRAPHY. See Body Section Roentgenography 

“2 J. D.: Lesions of the urinary tract following radio- 

‘therapy fos carcinoma of the cervix uteri (ab), May, 774 

LANG, | ON, S. A., STEELE, J. D., and 

HAEFER, A. A.: Cyst of the spleen. Case report (ab), 


og 293 


LARSEN, LOREN J. See BOST, FREDERIC C. 

LARSSON, HARR and KJELLBERG, SVEN R.: Roent- 
genological heart volume a with special Tegard 
to pulse rate and the position of the body (ab) 

LARYNX? po (ab), Jan., 139 

i a of thyroid cartilage; case (ab), Ernest J. Elsbach, 
an 

—laminagraphy in diagnosis of uncommon diseases of the 
skeleton of the larynx: (a) iuxation of the arytenoid 
cartilage; (b) cricoarytenoid arthritis; (c) dislocation of 
thyroid cartilage (ab), Franco Hueber and Clemente 
Gaja, Feb., 281 

—moniliasis; 2 cases (ab), Claude C. Cody, May, 745 

cancer j 

—of larynx and hypopharynx (ab), Galen M. Tice and 
Charles M. White, Feb., 301 

—radium therapy of malignant tumors (ab), Rosario Impallo- 
meni, Jan., 148 

—roentgen treatment for extensive epithelioma; results in 139 
cases (ab), Arthur U. Desjardins, et al, June, 901 

—statistical | study (ab), LeRoy A, Schall and John J Ayash, 
May, 771 

—use of a plastic tracheal cannula with report of a case, James 
r Sarnath, Ira A. Polisar, and Robert S. Polisar, March, 


LASNITZEI, ILSE: Effect of beta rays on cells cultivated in 
vitro (ab), May, 775 

LAUGE, N.: Fractures of the ankle: analytic historic survey as 
the basis of new experimental, roentgenologic and clinical 

vestigations (ab), Feb., 297 
LAWRENCE, JOHN H., DOBSON, R. LOWRY, LOW-BEER, 
a Be te and BROWN, BRUCE R.: Chronic myelogenous 

leukemia. A study of 129 cases in which treatment was 
with radioactive phosphorus (ab), Feb., 307 

LAWSON, —— B. See O’NEILL, > F. 

LEBO, LESTER. See McLEAN , GEOR 

LECOEUR, TAcQU ES. See EVEN, ROGER 

LEDDY, EUG ENE T.: Roentgen therapy of malignant tumors of 
the testis (ab), June, 902 

——and MAYTUM, CHARLES K.: Roentgen treatment of 
bronchial asthma, Feb., 199 

——See MORETON, ROBERT D. 

LEDERER, FRANCIS L. See CUTLER, M. H. 

LEE, CHING-TAN. See KHOO, FUN-YONG 

LEE, J. H.: Diagnosis of tuberculosis in the presence of silicosis 
(ab), April, 597 

LEES, WILLIAM M. See VAUGHN, ARKELL M. 

LEGLER, H. See HORST, H. G. 

LEGS. See Extremities 

LEIOMYOMA. See Tumors, myoma 

LEIOMYOSARCOMA. See Sarcoma, myosarcoma 

LeMAY, M. J. See EVANS, 

LEMOINE, J. M. See de CARVALHO, LOPO 

L’ENGLE, CAMILLUS S., Jr. See BIRDSONG, McLEMORE 

LENZ, M. e EV 


Ss, 
LESTER, CHARLES Ww. See SPAIN, DAVID M. 
LEUKEMIA 
—bone and joint pain in leukemia simulating acute rheumatic 
fever and subacute bacterial endocarditis (ab), Mark 
Aisner and Thomas B. Hoxie, April, 609 
—chronic myelogenous leukemia: study of 129 cases in which 
treatment was with radioactive phosphorus (ab), John H. 
Lawrence, et al, Feb., 307 
—effects of radioactive sodium on leukemia and allied diseases; 
preliminary report (ab), T. C. Evans, et al, March, 464 
—peri-articular calcifications in lymphatic leukemia (ab), Al- 
fredo de Maestri, April, 609 
—roentgen diagnosis of diffuse leukemic infiltration of kidneys 
in children (ab), John F. Gowdey and Edward B. 
Neuhauser, June, 900 
—skeletal lesions in leukemia; clinical and roentgenographic 
observatons in 103 infants and children, with a review of 
the literature (ab), Frederic N. Silverman, May, 766 
LEWIS, ELBERT KENNETH. See KELIKIAN 
LEWIS, LLOYD C.: Testis tumors: report on 2 50 cases (ab), 
March, 463 
LEWIS, R.C. See PEIRCE, C.B. 
LEWITAN, ALEXANDER. See NYGAARD, K. K. 
LICHTENSTEIN, LOUIS. See JAFFE, HENRY L. 
LINDGREN, ERICK: A pneumographic study of the temporal 
a with a - prccans to tumors in the temporal 
ion (ab), April, 5f 
LINDSAY, Bos ia s _ "REILLY, WILLIAM A. 
LINN, C.: Hiatus hernia confused with coronary 
t act ome (ab), Jan., 139 
— See Fallopian Tubes; Iodine and Iodine Com- 


LIPOCHONDRODYSTROPHY 
—gargoylism (lipochondrodystrophy) ; review of clinical ob- 
— in 18 cases (ab), William A Reilly and Stuart 
March, 455 
LIPSON” ‘uc RRIS: Interatrial septal defect associated with 
‘philitic aortic insufficiency (ab), Feb., 287 
LITHIUM 


—availability of lithium deuteride and lithium aluminum 
deuteride, Feb., 2 


LITTLE, J. MAXWELL. See HARRELL, GEORGE T. 
LIT WIN , JOSEPH. See ZUCKERBROD, MORRIS 
LIVER 


actinomycosis of liver with recovery (ab), L. M. Shorvon, 
Feb., 29 
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LIVER~-cont. ane 
abscess. See Amebiasis 
tumors 
—intrathoracic extension of hepatic tumors (ab), Herbert D. 
Adams, Ma 60 
LIVINGSTON, KENNETH E. See MARKS, JOSEPH H. 
LLOYD, MILTON S.: Tumors of the superar mediastinum. A 
report of six cases (ab), April, 606 
LOBSENZ, HERBERT, and JA ERNIG, RUSSELL R.: The 


a space, roent genographically considered, May, 


LODMELL, ELMER A., and CAPPS, SAMUEL C.: Sponta- 
neous pneumothorax oe with metastatic sarcoma. 
Report of three cases, Jan., 

LOEWENBERG, UEL A. See BAER, ee 

LOFSTROM, J. E. — WEBSTER, JOHN 

LOMHOFF, I 'VING I., and DUBO Y, JEROME: Gallstone 
ileus associated with diverticulitis "of the colon. Case re- 
port (ab), June, 895 

LONG, ALBERT E.: Momathesas in relation to benign pelvic 
tumors (ab) ril, 617 

LONGO, GIUSEPPE, fn ‘PICCOLO, GIACINTO 

eens tity H. PAUL, BLANCO, PIO, and SANES, 

AESUSE: Myxochondrosarcoma of the talus (ab), June, 


LORBER, STANLEY H., and MACHELLA, THOMAS E.: 
Enteric cyst of the duodenum. Report of a case and re- 
view of the literature (ab), April, 605 

LORENZ, EGON. See ener t LEON O. 

LORENZINI, P. See AGOSTINI, D. 

LOURIA, HENRY W. See WORONOV, veetoR D. 

LOW-BEER, B. V.A. See LAWRENCE, JOHN H. 

LUBSCHITZ, KAREN, LUNDSTEEN, E LING, and FORCH- 
HAMMER , EVA.: Primary malignant heart tumor diag- 
nosed I v iv o with the aid of artificial pneumopericardium, 


Jan 
LUISADA, 'ALDO A., and FLEISCHNER, FELIX G.: Dynamics 
of the left auricle in — ena lesions. Fluorocardio- 
graphic study (ab), Jan 
——FLEI CHNER, FELIX G., “a RAPPAPORT, MAURICE 
B.: Fluorocardiography (electrokymography). I. Techni- 
cal aspects (ab), Jan., 138 
Fluorocardiography (electroky te ede II. Observations 
on normal subjects (ab), 
LUMB, a - PROSS R, p, M.: Plasma cell tumours 
(ab), wan 43 
LUND, “AN ONY J. See FISTER, GEORGE M. 
LUNDSTEEN, ERLING. See LUBSCHITZ, KAREN 
See also Bronchi; Bronchiectasis; Pleura 
—changes in acute general dermatitis (ab), Nils Frostberg, 
May, 748 
—eosinophilic granuloma of bone with diffuse pulmonary in- 
volvement (ab), Douglas D. Dickson, June, 896 
—eosinophilic granuloma of bones with involvement of the 
lungs and diaphragm (ab), Alfred J. Ackerman, Jan., 142 
—functional changes following bronchography (ab), William 
A. Zavod, May, 748 
—poisoning with nitrous gases from explosive bombs (clinico- 
roentgenologic and anatomic contribution) (ab), H. 
Franke, et al, Feb., 283 
—segmental anatomy (ed), Leo G. Rigler, April, 682 
abnormalities 
—bronchopulmonary hypogenesis: clinical and roentgenologic 
features in the adult, with long follow-up observations 
(ab), Louis Schneider, May, 748 
abscess. See Tuberculosis, Pulmonary 
blood supply. See also Arteries, pulmonary 
—peripheral vascular disease. Roentgenologic manifestations 
(ab), Robert P. Barden and David A. Cooper, May, 770 
calcification 
—histoplasmin and tuberculin sensitivity in relation to pul- 
monary calcifications among University of Wisconsin 
mag = (ab), Helen A. Dickie and Elizabeth A. Clark, 
May, 751 
—histoplasmosis and pulmonary calcifications (ab), J. Cyril 
Peterson and Amos Christie, March, 446 
—in twins (ab), Gilbert Houston and W. A. Steiger, May, 751 
non-tuberculous calcification (ab), Alfred D. Biggs and 
Ralph G. Rigby, April, 598 
—non-tuberculous calcification (ab), John A. Prior, June, 891 
cancer 
—tarcinoma (ab), Adrian Lambert, May, 747 
—cavitary form of neoplasm, Frank Isaac and Richard E. 
Ottoman, May, 662 
—diagnosis of bronchogenic carcinoma by cytologic methods, 
Seymour M. Farber, Mortimer A. Benioff, and Allen K. 
McGrath, Jr., April, 511 
—early clinical features of bronchogenic carcinoma; illustra- 
tive cases (ab), Charles M. Norris, Feb., 2 
—endobronchial mets astases with sy mptomatology of primary 
bronchogenic cancer (ab), Roger Even and Jacques 
Lecoeur, June, 892 
—identification of carcinoma (ed), Leo G. Rigler, April, 583 
—lobar adenocarcinoma simulating pneumonia; 2 cases (ab), 
Gertrude Silverman and Alfred Angrist, Feb., 284 
metastatic cancer (ab), Robert C. Pendergrass, Feb., 284 
metastatic pulmonary cancer secondary to symptomless 
cancer of pancreas (ab), R. Benda, et al, June, 892 
—primary carcinoma; 48 cases (ab), D. W. Quick, Jr., and 
Paul Brindley, Jan., 137 


LYMPH N 


——— P. P. B., and DORSEY, J 


McGRATH, ALLEN K., 
McGREGOR, M.: Significance of certain measurements of the 


macnetts THO 
McKAY, J. W. See PRITCHARD 
MACKA’ ,» MAURICE W. H.: A viscous diodone as a substitute 





INDEX 919 


cavitation. See also Lungs, cancer; Tuberculosis, Pulmonary 
localization of cavities by a modified roentgenographic tech- 
nic (ab), Joseph Gordon, March, 446 
—shadows resembling a cavity in laminagrams, due to a 
shell fragment in chest wail (ab), Roger Even and Guy 
Morin, June, 890 
collapse 
—diagnosis of unilateral total lung obscuration of rare etiology; 
case of congenital left-sided pulmonary atelectasis with 
saccular ectasis of large bronchi (ab), H. R. Stettbacher, 
May, 748 
-linear atelectatic sign in intra-abdominal lesions, Jerome L. 
Marks and Alvin Nathan, March, 363 
diseases. See also Pneumoconiosis; Pneumonia; Sarcoidosis; 
Siderosis 
—cardiospasm with associated pulmonary disease (ab), T. G 
Heaton, April, 599 
—differential diagnosis of pulmonary lesions (ab), Stanley B. 
Clark, June, 890 
—pulmonary brucellosis (ab), William A. Harvey, April, 599 
emphysema. See Emphysema 
fibrosis 
—after roentgen therapy for carcinoma of the breast; 2 cases 
(ab), M. Ramseyer, Jan., 154 
fistula. See Fistula 
hernia 
—post-thoracoplasty hernia; 4 cases (ab), Irving Pine and 
Philip Morgenstern, May, 750 
—roentgen examination of mediastinal lung hernia with 
reference to tomography (ab), Hans Salinger, Jan., 137 
mycosis. See Aspergillosis; Coccidioidomycosis; Moniliasis 
roentgenography. See also Tuberculosis, Pulmonary 
—bronchography = pulmonary disease (ab), Douglas S. 
Gorrell, Jan., 
—differential te of eattigte nodular shadows (ab), 
H. G. Horst, et al, May, 7 
—on the scientific ev siuation a diagnostic procedures, presi- 
dential address, L. Henry Garland, March, 309 
—seriographic study (ab), Luigi Castaldi, Jan., 135 
tuberculosis. See Tuberculosis, Pulmonary 
tumors 
—adenomatosis; case (ab), Eugene Hildebrand, Feb., 284 
—dysgerminoma; case with pulmonary metastases; results of 
treatment with irradiation and male sex hormone, P. E. 
Russo and J. W. Kelso, March, 367 
—skeletal thoracic alterations in diagnosis of pulmonary 
tumors (ab), Giovanni Gardella, Feb., 284 
value and limitations of aspiration biopsy for lung Salons, 
George P. Rosemond, W. Emory Burnett, and John H 
at, § . ol 5 





—effect os x-rays on lymphatic nodule, with reference to dose 
and relative sensitivities of different species (ab), P. P. H. 
De Bruyn, May, 776 
— iliac lymphadenopathy as cause of ureteral obstruction (ab), 
Victor F. Marshall and Morris Schnittman, Feb., 299 
a treatment of lymph nodes and spleen in 
1-Sy memmate iasase (ab), Sidney Rubenfeld, June, 903 


LYMPHOID TISSU 


See also Nasopharynx 

—comparative susceptibility of lymphoid tissues of strain C57 
black mice to the induction of ly mphoid tumors by irradia- 
tion (ab), Henry S. Kaplan, Jan., 155 

—effects of continuous radiation on chick embryos and de- 
veloping chicks. II. Bone marrow, lymphoid tissue 
ons ee _aee, Shields Warren and Frank J. 

n, June 


Dixo: 
LYMPHOSARCOMA. See Sarcoma, lymphosarcoma 


McARTHUR, JANET W. See RAWSON, RULON W. 
McBURNEY’S POINT. Sce Appendix 

McCORKLE, H. J. See SILVANI, H. L. 

McCORRISTON, .R. See RAYMOND, G. H. 

McCRORY, JAM! SL. , and DAVIDSON, MORRIS: Phlebolith 


of the anterior facial vein. Case Feport (ab), rhe , 281 ; 
«= Retrocava! 


case report (ab), Feb., 299 


MACEY, {cre 6. See PYLE, S. IDELL 
McGOOGAN, LEON S., and HUNT, Tg er Treatment 


of carcinoma of the fundus uteri (ab), Jan 


McGOVERN, FRANCIS H., FITZHUGH, G. ‘SLAUGHTER, 


and COOPER. GEORGE, Jr.: Skull 7. | ees of in- 
terest to the otolaryngologist (ab), May, 7 
c. See FARBER, SEYMOUR M. 


-_ in the diagnosis of basilar impression (ab), March, 


McHAFFIE, O.L. See MINTY 
McHARDY, GORDON, and EDWARDS, + egg = Papilloma of 


the gallbladder: case report (ab), Ma 
SE. See LOREER, STANLEY H. 


for lodised oil ‘a March, 461 


McLAUGHLIN, A. I. G. See DOIG, A. T. 
McLEAN, GEORGE, and LEBO, LESTER: Multiple cal- 


cinosis associated with hypervitaminosis D. Report of a 
case (ab), April, 616 
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McMILLAN, JAMES T. See FRICKE, ROBERT E. 

a EDGAR P., president of the Radiological Society of 
rth America (ed), Feb., 257 

McROBERTS, JERRY W.: Meckel's diverticulum (ab). May 


MADDEN, EARL E. See HUTTON, JAMES H. 
de MAESTRI, ALFREDO Peri-articular calcifications in 
ot phatic leukemia (ab). April, 609 
MAG EY. L. See HIRSCHFELDER, J. O. 
Mate "HERBERT C:: Bronchiogenic cysts of the mediastinum 
(ab), Feb., 285 
—— cysts and teratomas of the mediastinum with unusual 
atures (ab), June, 893 
——HIMMELSTEIN, AARON, RILEY, RICHARD L., and 
=o jo ny PH J.: Arteriovenous fistula of the lung 


Jan 
MAILER, ROBERT. Carcinoma in a thoracic stomach (con- 
nital short cesophagus) (ab), March, 450 

MAINS, M. PAUL: Anti-hitamine ointments for skin protection 
in radiation therapy, April, 579 

MALEKI, A. See BETOULIERES, P. 

——See CHATTON 

MALINER, MARTIN M.: Differential diagnosis of congenital 
heart disease (ab), Jan., 138 

MALPRACTICE. See Jurisprudence, Medical 

MALTA FEVER. See Undulant Fever 

MANDIBLE. o- _ 

MANKIN, JAM . See HARRELL, GEORGE T. 

MANN, ARVIN Wonel IZEN, SAMUE L, PYLE, S. IDELL, 
and SPIES, TOM D.: The red graph and the Wetzel grid 
as methods of determining the symmetry of status and 
progress during growth (ab), Jan., 141 

——See PYLE, S. IDELL 

MANNING, ISAAC H., Jr., and HICHSMITH, GEORGE P.: 
Prolapse of the gastric mucosa through the pyloric canal 
into the duodenum. Report of 16 cases diagnosed roent 
renolo ogee” ab), March, 451 

MARBLE B . See Osteosclerosi 

MARCK, ABRAHAM, See WASCH, “MILTON G. 

MARCUS, RICHARD E. See CUTLER, M. H. 

MARKS, EDNA K. See JACOBSON, LEON O. 

——. JEROME L., and NATHAN, ALVIN: a inear atelec 

tic si ; in intra-abdominal lesions, March. 363 

MARKS. JOSEPH H., and LIVINGSTON, KENNETH E.: 
The cervical subarachnoid space, with particular reference 
}-4 syringomyelia and the Arnold-Chiari deformity, Jan 


MAR UES, Gascon. See FURTADO, DIOGO 

MARGUIS, See GARCIA-CALDERON, J. 

MAR OCco” ‘WILLIAM A.: Multiple osteoma of the mastoid 
cavity (ab), April, 596 

MARSHALL, DAVID S. See STROUD, WILLIAM D. 

MARSHALL, VICTOR F., and SCHNITTMAN, MORRIS: 


Ihiac lwmpbadenopathy as a cause of ureteral obstruction 


ab). Feb., 299 
MARTIN, HAYES, EHRLICH, HARRY E., and ABELS, JULES 


Juvenile nasopharyngeal angiofibroma (ab), Feb 


305 

MARVIN, CHARLES P., and WALTERS, WALTMAN: Leio- 
myosarcoma of the stomach: review of 16 cases and a re 
port of case of multiple leiomyosarcomas of the stomach 
ab). June, 894 

MASS, MAX: Skiodan acacia in hysterosalpinguography (ab 


Feb. 298 
MASS or reg See Gastro-Intestinal Tract; Tuberculosis 
ulmonary. mass roentgenvlogic survey 
MASSELL. THEODORE B., and ETTINGER, JEROME: 
Phiebography in the localization of incompetent com 
—— veins in patients with varicose veins (ab 


MASTER, "ARTHUR M.: Apical systolic murmur (ab), April 


MASTITIS. See Breast 
MASTOID 
multiple osteoma of mastoid cavity (ab), William A. Mar 
roceo, April, 596 
eateeoes. NORMAN M. See COURT, DONALD 
MATH W. R. See WOMACK, R. K. 
MAURER, SSI MER, aod DeSTEFANO, GEORGE A.: Eosino 
hilic ranuloma of rib (ab May 763 
MAURER. GUSTAV: Bloodless wide drainage of cavities and its 
therapeutic application (ab), April, 598 
MAXILLARY SINUS 
cancer 
—treatment of cancer of maxillary antrum by radium (ab 
Margaret C. Tod, May, 771 
MAYTUM, CHARLES EK. See LEDDY, ESeane Z 
MAZZEI, EGIDIO S. See CASTEX, MARIANO 
MEADE, R.H., Jr. See HUGHES , FELIX 
MECKEL’S DIVERTICULUM. See Intestines 
MEDIASTINUM 
-pendulum movement of mediastinum in pneumothorax (ab 
Lopo de Carvalho, et al, June, 893 
abscess 
~abscess diagnosed by puncture under fluoroscopic control and 
injection of a water soluble contrast medium (ab), Sven R 
Kjeliberg, April, 601 


cysts ; . 
bronchiogenic cysts (ab), Herbert C. Maier, Feb, 285 
mesothelial cysts (“pericardial cysts’’); differential diagnosis 


of shadows continuous with anterior inferior mediastinum 
ab), George Cooper, Jr., et al, March, 448 


emphysema. See Emphysema 

tumors 

—dermoid cysts and teratomas with unusual features (ab), 
Herbert C. Maier, June, 893 

mediastinal mass simulating enlarged heart intracardiac 

catheterization in diagnosis (ab), Leonard ( Akman. 
April, 601 

—of anterior mediastinum; 6 cases (ab), MiltonS. Llowd April 


600 
MEDULLOBLASTOMA. See Cerebellum, tumors 
MEETINGS. See Inter-American Congress of Radix logy; In- 
ternational Congress of Radiology; Radiological Societies, 
officers and meeting dates; Radiological Society of North 


America 
MEIGS, JOE V. See FREMONT-SMITH, MAURICE 
MEIKLEJOHN, A., and JONES, W. W.: Effect of the use of 
calcined alumina in china biscuit placing on the health of 
the workmen. A field study ina group of pottery workers 
in North Staffordshire (ab), May, 750 
MELNICK, PERRY J. See KRAUS, ALVIN R. 
MELODY, GEORGE F.: Opisthotonos fetalis in breech presenta- 
tion. Report of a case with bilateral congenital posterior 
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89: 


PLEURA. 
—multiple localized effusions as a manifestation of congestive 
heart failure; case (ab), Michael Di Maio, March, 448 
—pleural fat pads; a cause of thoracic shadows (ab), Leonard 
C. Evander, Aprit, 600 
PNEUMATOCELE. See Cranium 
PNEUMOCEPHALUS 


—intracranial pneumocephalus; case (ab), David C. Straus, 
ra 


May, 744 
PNEUMOCONIOSIS 

—benign pneumoconiosis due to tin oxide. Case report with 
experimental investigation of radiographic density of tin 
oxide dust (ab), Eugene P. Pendergrass and Arthur W 
Pryde, Feb., 282 

—diagnosis of tuberculosis in presence of silicosis (ab), J. H 
Lee, April, 597 

—due to talc in cosmetic industry (ab), Nathan Millman, Feb., 
283 


—effect of use of calcined alumina in china biscuit placing on 
health of workmen; a field study in a group of pottery 
workers in North Staffordshire, A. Meiklejohn and W. W. 
Jones, May, 750 

—from synthetic abrasive materials (ab), Adelaide R. Smith 
and Arthur E. Perina, April, 599 

—of coal miners (ab) C. M. Fletcher, May, 749 

PNEUMONIA 

—chronic benign pneumonitis: its discovery in older indi 
viduals with diminished or absent gag reflex (ab), Louis 
Schneider, Feb., 282 

—delayed chemical pneumonitis in workers exposed_ > beryl 
lium compounds (ab), Harriet L. Hardy, May, 749 

—diagnosis of acute primary atypical pneumonia, etiology un- 
known, in children (ab), David Greer, March, 445 

—infectious mononucleosis with atypical pneumonia; case 
(ab), Manuel Rodstein, May, 752 

—lobar adenocarcinoma of lung simulating pneumonia; 2 
cases (ab), Gertrude Silverman and Alfred Angrist, Feb., 
284 

—pneumonia and erythema multiforme exudativum; 4 cases 

and 3 autopsies (ab), Maxwell Finland, et al, March, 446 
—rheumatic pneumonia (ab), E. van Wijk, Mare h, 446 
spreading suppurative pneumonitis (ab), H. E. Counihan, 
May, 749 
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PNEUMONITIS. See Pneumonia 
PNEUMOPERICARDIUM 
—primary malignant heart tumor diagnosed in vivo with the 
a of artificial pneumopericardium, Karen L abschitz, 
Zrling Lundsteen and Eva Forchhammer, Jan., 79 
PNEUMOPERITONEUM 
—in treatment of pulmonary tuberculosis; 407 consecutive 
cases (ab), Harold G. Trimble, et al, April, 597 
—study on occurrence after gastroscopy and the observance of 
interstitial emphysema of stomach (ab), James Myhre and 
Allen Wilson, June, 894 
PNEUMOTHORAX 
See also Hydropneumothorax 
—aoeegsaaet extrapleural pneumothorax (ab), Olle Olsson, Jan., 
137 
—pendulum movement of the mediastinum in pneumothorax 
(ab), Lopo de Carvalho, et al, June, 893 
—spontaneous pneumothorax associated with metastatic sar- 
coma; 3 cases, Elmer A. Lodmell and Samuel C. Capps, 
Jan., 88 
one pneumothorax: clinical study of 100 consecu- 
es (ab), Ralph M, Myerson, March, 447 
POHLE, “ERNST A., RITCHIE, GORTON, and MOIR, WIL- 
LIA M W.: Studies of the effect of roentgen rays on healing 
of wounds Ill. Histological changes in skin wounds in 
rats following aoe mg } irradiation with very small 
ond moderate doses, May 7 
POLISA RA A. See BARNETT, ‘JAMES Cc. 
POLISAR, ROBER TS. See BARNETT, JAMES C. 
POLLAK, M., NEUER, HANS, and GOLDSCHMIDT, HEINZ: 
Tuberculosis in the mentally ill and defective; a prelimi- 
nary report (ab), April, 598 
POLYARTHRITIS. See Arthritis, rheumatoid 
POLYPS. See Tumors, polypi 
POPPEL, M. H., and BERCOW, CELIA: A rapid quantitative 
scale method for estimating the percentage concentration 
of priodax in the gallbladder, June, 829 
POPPEN, JAMES L.: Aid of arteriograms in diagnosis and treat- 
ment of intracranial aneurysms, March, 347 


POSTNASAL SPACE. See Nasopharynx 
POSTURE 


influence of posture on urinary tract in pregnancy (ab), 
John Parks and Michael A. Puzak, March, 459 
—roentgenologic al heart volume determination with special 
regard to pulse rate and the position of the body (ab), 
Harry Larsson and Sven R, Kjellberg, Jan., 139 
POTASSIUM 
—osteopetrosis occurring during potassium thiocyanate ther- 
apy for hypertensive disease (ab), John J. Hinchey, et al, 
April, 608 
POTTERY INDUSTRY. See Pneumoconivsis 
POTT’S DISEASE. See Spine, tuberculosis 
POTTS, WILLIS J., and GIBSON, STANLEY: Aortic pulmo- 
nary anastomosis in congenital pulmonary stenosis. Re- 
port of forty-five cases (ab), May, 754 
| GEORGE C.: Medial ptosis of the kidney (ab), 
146 
PREGNANCY 
—influences of posture on urinary tract in pregnancy (ab), 
John Parks and Michael A. Puzak, March, 459 
cancer complicating 
—-carcinoma of uterus and pregnancy (ab), I. M. Stutzer, Jan., 
151 
ectopic 
hysterosalpingography and extra-uterine pregnancy (ab), 
Henning Skjoldborg, May, 766 
-——unusual case of infection of a sixteen weeks extra-uterine 
pregnancy (ab), John L. Boldero, Jan., 145 
roentgenography. See also Pelvis, measurement; Placenta 
wy methods in obstetrics (ab), Martin Schneider, 
rch, 459 
PRENDERGAST, fous J. See JOCZ, MARION W. 
PRICE, L. WOODHOUSE. See SPITZER, RICHARD 
PRINZMETAL, MYRON BERGMAN, H. C., KRUGER, H. E., 
SCHWARTZ, Lois L., SIMKIN, BENJAMIN, and 
SOBIN, SIDNEY S.: Studies of the coronary circulation. 
Collateral circulation of beating human and dog hearts 
with coronary occlusion (ab), April, 603 
PRIODAX. See Gallbladder 
PRIOR, JOHN A.: Non-tuberculous pulmonary calcification 
(ab), June, 891 
PRITCHARD, J. E., and McKAY, J. W.: Osteoid osteoma (ab), 
May, 762 
PROBSTEIN, J. G., and SACHAR, LEO A.: Pyloric obstruction 
due to gastric diverticulum. Report of a case (ab), 
March, 452 
PROSSOR, T.M. See LUMB, GEORGE 
PROSTATE 
—safety factors in prostatic surgery (ab), William J. Engel, 
Jan., 147 
urethrography: diagnostic aid in diseases of lower urinary 
tract (ab), William E. Goodyear, et al, May, 769 
cancer 
—roentgen aspect of cancer by urethrocystography (ab), Nils 
P. G. Edling, May, 769 
treatment of carcinoma with radium (ab), Raymond Darget, 
May. 773 
PRYDE, ARTHUR W. See PENDERGRASS, EUGENE P. 
PSEUDARTHROSIS. See Spine; Tibia 
PSEUDOHEMOPHILIA. See Diathesis, hemorrhagic 
PUGH, DAVID G. See GAMBILL, EARL E. 
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PULMONARY VALVE 
—angiocardiography in congenital heart disease of cyanotic 
type with pulmonary stenosis or atresia. I Observa- 
tions on tetralogy of Fallot and ‘‘pseudo-truncus arterio- 
sus,’ Robert N. Cooley, Henry T. Bahnson, and C. Rollins 
Hanlon, Feb., 329 
—aortic pulmonary anastomosis in congenital pulmonary sten- 
osis; 45 cases (ab), Willis J. Potts and Stanley Gibson, 
May, 754 
PULSE 
—roentgenological heart volume determination with special 
we to pulse rate and position of body (ab), Harry 
arsson and Sven R. Kjellberg, Jan., 139 
PUTNEY. F. JOHNSON: Thoracic stomach produced by eso- 
“ee . hiatus hernia and congenital short esophagus 
May, 755 
PUZAK. ‘MICHAEL A. See PARKS, JOHN 
PYELOGRAPHY 
See also Kidneys 
—pyelography as an aid to the differential diagnosis of upper 
abdominal masses (ab), Charles Eberhart and Donald E. 
Beard, June, 890 
—roentgenographic survey of genito-urinary tract (ab), James 
J. Clark, Feb., 298 
—significance and value of functional urographic images and 
signs (ab), Richard Hickel and Pau! Cornet, Jan., 146 
—studies on back-flow in excretion urography (ab), Olle 
Olsson, T *eb.. 298 8 
a of urography in elucidation of nonurologic complaints 
ab), Allan K. Swersie, June, 899 
PYELONEPHRITIS 
—seentges considerations of ange ge go in ar kidneys 
ab), Eugene P Say | rass, et al 7¢é 
PYLE, $ IDELL, MANN, VIN W., ‘DREIZEN, SAMUEL, 
KELL HARRIET p= RMACEY. ICIE G., and SPIES, 
TOM D.: A substitute for skeletal age (Todd for clinical 
use: the red graph method (ab), Jan., 141 
——See MANN, ARVIN W. 
PYLORUS 
—habitual prepyloric spasm (ab), Martin L. Tracey, May, 
—obstruction due to gastric diverticulum; case (ab), J. G 
Probstein and Leo A. Sachar, March, 452 
—prepyloric spasm simulating gastric malignancy (ab), Allan 
Cohn and Rubin L. Gold, April, 605 
—relaxation of gastric mucosa producing pyloric obstruction 
(ab), Alfredo Zacho, June, 893 
a herniation of redundant gastric mucosa (ab), 
ygaard and Alexander Lewitan, Feb., 288 


kK 
PYRIDOXINE. See Vitamins 
Q 


foe 


QIFEVER 


a Sonat with streptomycin (ab), Leon Rosove, et al 


QUICK. 1 w., .% and BRINDLEY, PAUL: Primary carcinoma 





of the lung Report of forty-eight cases (ab), Jan., 137 
UIMBY, DR. EDITH H., honored, June, 883 
UIMBY, EDITH H. See SMITH, BEVERLY C. 
See TALBOT, TIMOTHY R., Jr. 
R 
RADIATION SICKNESS. See Roentgen Rays, injurious effects 
RADIATIONS 
See also Atomic Energy; Radioactivity; Radium; Roent- 
gen Rays 
effects 


—action of radiation on living cells (ed), Harold W. Jacox, 
March, 428 

—evaluation of effects of radiation on non-malignant lesions of 
the nasopharynx, M. H. Cutler, Richard E. Marcus, and 
Frarcis L. Lederer, June, 816 

—irradiation of viruses and bacteria (ab). P. Bonét-Maury, 

an., 156 

a-gfiniaaiie effect of various radiations on special dental 

packets, Russell F. Cowing and Charles K. Spalding, 


—relationships between chemical and biological effects of 
ionizing radiations, Raymond E. Zirkle, June, 846 

injurious effects 

-—cancer of corpus uteri following radiation therapy for benign 
uterine lesions (ab), Frank KR. Smith and Lemuel Bowden, 
May, 774 

—effects of radiation therapy on the urinary excretion of niacin 
and riboflavin in patients with malignant diseases: rela- 
tionship to — sickness, J. L. Jarvis and David 
Cayer, April, ! 

—lesions of urinary emaet following radiotherapy for carcinoma 
of cervix uteri (ab), D. Lane, May, 774 

—radiation injuries of intestines (ab), Charles W Hock, et al, 
April, 619 

—radiation protection (ed), Lauriston S. Taylor, May, 730 

—radiotherapeutic eradication of cancer with surgical re pair of 
subsequent ulceration and deformity (ab), Howard B 
Hunt and Donald H. Breit, Jan., 154 

—reconstruction following irradiation injuries (ab), Paul W. 
Greeley, May, 774 

—rectal hemorrhage following irradiation for carcinoma of 
cervix (ab), James R. Johnston and Harold W. Jacox, 
April, 619 


June 1949 


—sarcoma arising in irradiated bone; 11 cases (ab ili 
Cahan, et al. April, 619 William G, 
RADICULITIS. See Nerves, roots 
RADIOACTIVITY 
See also Atomic Energy 
—aberrant tissue developments in rats exposed to beta rays: 
late effects of P?? beta rays, P. S. Henshaw, R. S Snider 
and E. F. Riley, March, 401 
—artificially prepared radioactive isotopes as a means of ad- 
ae radiation therapy (ab), Edward H Reinhard, 
an., 15 
—availability of lithium deuteride and lithium aluminum dey. 
teride, Feb., 271 
—Brookhaven National Laboratory nuclear reactor, May, 734 
—chronic myelogenous leukemia: study of 129 cases in which 
treatment was with radioactive phosphorus (ab) John H 
Lawrence, et al, Feb., 307 : 
—distribution of radivactivity in mouse following administra. 
tion of dibenzanthracene labeled in the 9 and 10 Positions 
with carbon 14 (ab), Charies Heidelberger and Hardin RB. 
Jones, May, 776 
—eflect of beta rays on cells cultivated in vitro (ab), Ilse 
Lasnitzki, May, 775 
— effects of continuous radiation on chick embryos and dev elop- 
ing chicks. I. Growth rate, gonads, and bone, Shields 
Warren and Frank J. Dixon, May, 714 
—effects of continuous radiation on chick embryos and de- 
veloping chicks II Bone marrow, lymphoid tissue and 
peripheral blood, Shields Warren and Frank J Dixon, 
June, 869 
—effects of radivactive sodium on leukemia and allied diseases 
preliminary report (ab), T Evans, et al, March, 464 
—functional activity of thy roid both tg benign and malignant, 
as gauged by their collection of radioactive iodine (ab), 
Rulon W. Rawson, et al, Jan., 153 
—hematological effects of ionizing radiations, Leon O. Jacob- 
son, Edna K. Marks, and Egon Lorenz, March, 371 
—measurement of radioactive isotopes (ab), Leon F. Curtiss, 
March, 464 
—method of determining the site of retention of aerosols within 
the respiratory tract of man by the use of radivactive 
sodium. Preliminary report (ab), Timothy R. Talbot 
r., et al, Jan., 154 
Oak Ridge Institute of Nuclear Studies, April, 585 
postgraduate course in medical aspects of nuclear energy, 
University of California, June, 883 
~radioactive sodium in peripheral vascular disease studies 
ab), Beverly C. Smith and Edith H. Quimby, April, 616 
— spontaneous and experimentally induced uptake of radio- 
active iodine in metastases from thyroid carcinoma; pre- 
liminary report (ab), S. M. Seidlin, et al, May, 773 
study of peripheral vascular disease with radioactive iso- 
topes. Daniel C. Elkin, et al, June, 903 
therapeutic use of radioactive elements in malignancy (ab), 
P. F. Hahn and C. W. Sheppard, Feb., 306 
— thyrotoxicosis factitia (alimentary thyrotoxicosis): its dif- 
ferentiation from spontaneous thyrotoxicosis with aid of 
radivactive iodine (ab), Bengt N. Skanse and Douglas S 
Riggs, June, 904 
—treatment of Graves’ disease with radioactive iodine (ab), 
Mayo H. Soley and Earl R. Miller, Jan., 154 
—utilization of radioisotopes in general radiotherapy (ed), 
Howard B. Hunt, Jan., 118 
RADIOISOTOPES. See Radioactivity 
RADIOLOGICAL SOCIETIES 
See also American Board of Radiology; Radiological Society 
of North America 
Argentine Radiological Association, June, 883 
Atlanta Radiological Society, May, 733 
Brooklyn Roentgen Ray Society, June, 883 
Chicago Roentgen Society, June, 883 
Eastern Conference of Radiologists, Jan., 122 
Los Angeles Radiological Society, Jan., 123; March, 431 
Louisville Radiological Society, March, 431 
North Carolina Radiological Society, Jan., 123 
Pennsylvania Radiological Society, May, 733 
Radiological Society of South Dakota, March, 431 
Rochester Roentgen-Ray Society, March, 431 
St. Louis Society of Radiologists, May, 733 
secretaries and meeting dates, Jan., 127; Feb., 274; March, 
440; April, 589; May, 738: ae. 885 
Texas Radiological Society, Feb., 
Utah State Radiological Society, F ecb. 
RADIOLOGICAL SOCIETY OF NORTH AMERICA 
—commercial exhibits, 34th annual meeting fed), Feb., 267 
—Edgar P. McNamee, president (ed), Feh., 257 
—presidential address, 34th Annual Meeting, L. Henry Garland, 
March, 309 
—refresher courses, 34th annual meeting (ed), Feb., 261 
—scientific exhibits, 34th annual meeting (ed), Feb., 261 
—-thirty oust annual meeting (ed), Feb., 258 
RADIOLOG 
—some Tediohogie experiences with UNRRA in China, F. A. 
Ford, Feb., 252 
suggested model contract for hospital radiologists, June, 883 
RADIOTHERAPY 
See also Radium; under diseases and organs 
—antibiotics in radiation therapy (ab), H. Oeser, Jan., 153 
—presentation and analysis of results of radiotherapy (ab), 
W. Boag, Feb., 301 
—value of platelet counts in radiotherapy (ab), W. M. Court 
Brown, April, 618 
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Vol. 52 
RADIUM - 
See also Tumors, angioma; Uterus, cancer 
—jntensive radium therapy with beta rays (ab), Paul de Plaen, 
May, 773 


—penetration of gamma-radiation through thick layers I. 
Plane geometry, Klein-Nishina scattering (ah), J. O 
Hirschfelder, et al, April. 620 

—penetration of gamma radiation through thick layers II 
Plane geometry, iron and lead (ab), J. O. Hirschfelder and 
Edward N Adams, II, April, 620 

—structural differences in bone matrix assuciated with metab- 
olized radium, Frank E. Hoecker and Paul G. Roofe, 
June, $56 a a 

injurious ‘effects. See also Radiations, injurious effects 

—disfiguring sequelae from radium therapy; results of treat- 
ment of a birthmark adjacent to the breast in a female in- 
fant (ab), G. B. Underwood and L. Edward Gaul, April, 


620 

RADNER, STIG: Thoracal aortography by catheterization from 
the radial artery: preliminary report of a new technique 
(ab), Jan., 139 

RAINE, J. W. E.: Metal fume fever fob). Jan., 12 

RAMSEY, G. H. S., ATSON, Jr., STEINHAUSEN, 

B., THOMPSON, J. j. ° SSREISINGER. F., and 

WEINBERG, S.: Cinefluorography: a progress report on 
technical problems, dosage factors, and clinical impres- 
sions, May, 684 

RAMSEYER, M.: Two cases of pulmonary fibrosis after roent- 
gen therapy for carcinoma of the breast (ab), Jan., 154 

RAPP, JOHN R. Sec COOPER, GEORGE, Jr. 

RAPPAPORT, MAURICE B. See LUISADA, ALDO A. 

RAWSON, RULON W., McARTHUR, JANET W., DOBYNS, 
BROWN M., FLUHARTY, REX G., and COPE, OLIVER: 
Functional activity of thy roid tumors, benign and malig- 
nant, as one by their collection of radioactive iodine 


Ja 
RAYMOND, G. i. ADAMS, G. T., and McCORRISTON 
J. R.: Venography in the normal and pathological le 
b), April, 615 
READ, ‘4. MARION: Graves’ disease: twenty-five-year follow- 
of cases receiving roentgen therapy, April, 557 
RECKLINGHAUSEN’ S DISEASE. See Neurofibromatosis; 
—_— fibrosa 
RECTU 
—ev wd ation of roe itgenologic diagnosis of lesions of the rec- 
tum and sigmoid (ab), W. W. Green, Jan., 141 
—rectal hemorrhage following irradiation for carcinoma of cer- 
vix (ab), James R. Johnston and Harold W. Jacox, April, 


619 

REED, H. LESTER: Is chronic cystic mastitis a precancerous 
a 7 year follow-up study of twenty-six cases 

b 302 
REEVES, ROBERT J., BAYLIN, GEORGE J., and JONES, 
LA.: Boeck’s sarcoid in children (ab), March, 448 

—MORAN. FRANK T., and JONES, PAUL A.: Right para- 
duodenal hernia with roentgen diagnosis and postopera- 
tive recovery (ab), Feb., 293 

REFLEX 

—chronic benign pneumonitis: its discovery in older indi- 

viduals with diminished or absent gag reflex (ab), Louis 
Schneider, Feb., 282 

del REGATO, JUAN A., honored, March, 432 

del REGATO, J. A Roentgen therapy of carcinoma of skin of 
eyelids, April, 564 

Réle of transvaginal roe og reay in the treatment of carci- 

noma of the cervix (ab), March, 462 

REICH, CARL, and BRODSKY, ALEXANDER E.: Coexisting 
multiple myeloma and Paget's disease of bone treated with 
stilbamidine (ab), June, 897 

REID, CHARLES H. See HARRELL, GEORGE T. 

REID, WILLIAM A. See WATERMAN, GEORGE wW. 


REILLY, WILLIAM A., and LINDSAY, STUART: Gargoylism 
lipochondrodystrophy). A review of clinical observa- 
tions in eighteen cases (ab), March, 455 
REINHARD, EDWARD H.: Artificially prepared radioactive 
isotopes as i. means of administering radiation therapy 
(ab), Jan., 153 
REISNER, DAVID: Incipiency and evolution of pulmonary tu- 
berculosis I The initial manifestations of the disease 
Il The behavior of the initial lesion and course of the 
disease during observation period (ab), Feb., 28) 
RESPIRATORY TRACT 
See also Bronchi; Lungs; Nasopharynx; etc 
—method of determining the site of reteaticn of aerosols within 
the respiratory tract of man by the use of radioactive 
sodium Preliminary report (ab), Timothy R. Talbot, 
Jr., et al, Jan., 154 
RETINA 
tumors 
—roentgen therapy of glioma (ab), K. Velhagen, Jan., 148 
RETROGASTRIC SPACE. See Abdomen 
RETROPERITONEUM. See Abdomen 
REUTER, E. G.: Roentgen pelvimetry (ab), March, 459 
RHABDOMYOMA. See Tumors, myoma 
RHABDOMYOSARCOMA. See Sarcoma, myosarcon 
RHEUMATIC DISEASES: SEVENTH INTERNATIONAL 
CONGRESS, Jan., 123 
RHEUMATIC FEVER 
~—bone and joint pain in leukemia simulating acute rheumatic 
fever and subacute hacterial endocarditis (ab), Mark 
Aisner and Thomas B. Hoxie, April, 609 
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—rheumatic pneumonia (ab), E. van Wijk, March, 446 
—value of roentgenography in diagnosing of cardiac disorder 
following rheum atic fever (ab), C Hansson and Erik 
focshesse, May, 753 
RHINOLOG 
—ev ot ont of x-ray diagnosis in ophthalmology, rhinolegy, 
eevee y (ab), D. H. Anthony and D. F. Fisher, 


13: 
RIBOFLAVIN 
—effects of radiation therapy on the urinary excretion of niacin 
and riboflavin in patients with malignant diseases: rela- 
tionship to radiation sickness, J. L. Jarvis and David 
Cayer, April, 574 


RIBS 
—contralateral fracture of first and second ribs following thora- 
coplasty (ab), Albert Guggenheim and Bernard N. E. 
Cohn, May, 765 
tumors 


—eosinophilic granuloma (ab), Elmer Maurer and George A 
DeStefano May, 763 
—E +a s sanouans 1 (ab), Edward M. Kent and F. S. Ashburn, 


RICHARDS, ‘G. E.: Analysis of technical factors and results of 
treatment in carcinoma of the cervix uteri Description 
of improved radium applicator (ab), Jan., 149 
Mammary cancer. The place of surgery and of radiotherapy 
in its management A study of some of the factors which 
determine success or failure in treatment Radiothera- 
peutic procedures (ab), Feb., 302 
RICHARDS, GORDON EARLE (obit), March, 436 
RICHMAN, SAMUEL: Roentgen manifestations of intra- 


abdominal abscess (ab), Feb., 287 
RICKETS 
—develupment in premature infants (ab), Gert v. Sydow, Feb., 
293 


renal. See Dwarfism 

RIGBY, RALPH G. See BIGGS, ALFRED D. 

RIGGS, fo a S. See (ee BENGT N. 

RILEY, E. F. See HENSHAW, Ss. 

RILEY, RICHARD L. See MAIER: HERBERT C. 

RINGW 

—of scalp; 100 cases (ab), Donald M. Ruch, April, 618 
counted yen-ray epilation; an improved measuring device 
b), Meyer L. Niedelman, March, 464 

RITCHIE, GORTON. See POHLE, ERNST A. 

RITVO, MAX, and SHAUFFER, IRVING A.: Roentgenographic 
studies of the gastrointestinal tract following section of the 
vagus nerves for peptic ulcer (ab), March, 45! 

——See DAVIS, DAVID 

RITZ, NORTON D. See Ty mg MARTIN M. 

ROBERSON, J. H. See DEAL, L. J. 

ROBERTS, SAVA M. See PIRKEY, EVERETT L. 

ROBERTSON, R. F.: Pulmonary moniliasis (ab), May, 752 

ROBINSON, ARTHUR, and HOWARD, JORGE E.: Atresia of 
the tricuspid valve with transposition of the great vessels 
(ab), March, 449 

ROBINSON, DAVID. See HOLMES, L. 

ROCHE, MAURICE B., and JOSTES. FREDERICK A.: Ec- 
topic bone deposits A paraplegic complication (ab), 
March, 458 

RODE, ay Fate of metal foreign bodies in the human organ 

(ab), Feb., 300 
RODRIGUES, JOSE. See HOCK, CHARLES W. 


RODSTEIN, MANUEL: Case of infectious mononucleosis with 
ical poeumonts a (ab), May, 752 
ROENTGEN Ys 


See also "pedy Section Roentgenography; 
Radiotherapy 
—absorption of soft roentgen rays by organic compounds 
(ab), W. Moos, Jar.., 156 
—uabsorption of x-rays in air, Frank H. Day and Lauriston S 
Taylor, Feb., 239 
cinefluorography: a progress report on technical problems 
dosage factors, and clinical impressions, G S. Ramsey 
J. S. Watson, Jr., T. B. Steinhausen, J. J. Thompson, F 
Dreisinger, and S. Weinberg, May, 654 
high-kilovoltage radiography, E. Dale Trout, D. FE. Graves 
and D. B. Slauson, May, 669 
use of a mobile source of light in radiography (ab), Yrjo \V 
Paaterv, Feb., 300 
apparatus 
amplification of the fluoroscopic image by means of a thick 
dense clear crystalline detector screen and a_ scanning 
roentgen-ray tube (ab), Robert J. Moon, May, 771 
apparatus for automatic multiple exposures, Henry &K 
Taylor, Jan., 107 
characteristics of commercial x-ray intensifying screens and 
films (ab), Willard W. VanAllen, May, 771 
new film-cassette changer, announcement, March, 452 
rapid cassette changer for angiocardiography, Merrell A 
Sisson, March, 419 
rventgen-ray epilation an improved measuring device 
(ab), Meyer L. Niedelman, March, 464 
screen photography equipment for easier detail photography 
with routine roentgen diagnosis work (ab), Carl Wegelius 
and Kaj Noschis, Jan., 147 
—sensitometry of roentgenographic films and screens, Russell 
H. Morgan and Willard W. VanAllen, June, 832 
solution of technical problems connected with economical 
light-weight apparatus for mass miniature radiography 


(ab), Kaj W. Noschis, Feb., 300 


Radiations; 
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ROENTGEN RAYS—coni. 

diagnosis. See also Diagnosis; under diseases and organs 
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SUBARACHNOID SPACE. See Spinal Canal Roentgenography 

SUBMAXILLARY REGION F 

— of anterior facial vein; case (ab), James L. Me- 
Crory and Morris Davidson, Feb., 281 

SUN, KO-CHI: Characteristics in hysterosalpingograms in 
tuberculous salpingitis and endometritis (ab), May, 766 

SWENSON, ORVAR: Diagnosis and treatment of atresia of the 
eso »phagus and tracheo oy fistula (ab), Jan., 140 

SWENSON, PAUL C.: Mass survey of the gastro-intestinal 

tract (ab), Jan., 140 
and HART, FRANCIS F.: Roentgen diagnosis of tumors of 
the urinary tract (ab), June, 899 

SWERSIE, ALLAN K.: Value of urography in elucidation of non- 
urologic complaints (ab), June, 899 

v. SYDOW, GERT: Development of rickets in premature in- 
fants (ab), Feb., 293 

SYNDACTYLIA. See Fingers and Toes 

SYPHILIS 

interatrial septal defect associated with syphilitic aortic in- 
sufficiency (ab), Morris Lipson, Feb., 287 
SYRINGOMYELIA 
cervical subarachnoid space, with particular reference to 
syringomyelia and the Arnold-Chiari deformity, Joseph H. 
Marks and Kenneth E. Livingston, Jan., 63 


T 


eee TIMOTHY R., Jr., QUIMBY, EDITH H., and 
ARACH, ALVAN L.: A method of determining the site 
p retention of aerosols within the respiratory tract of man 
oy the use of radioactive sodium. Preliminary report (ab), 
an., 154 
TALC. See Pneumoconiosis 
TALUS. See Ankle 
TARSUS 
—bilateral osteochondritis of tarsal navicular and the first 
cuneiform; case (ab), Arch F. O'Donoghue, et al, June, 


SYY 
TAYLOR, ALEXANDER R., and BLACKWOOD, WILLIAM: 
Paraplegia in hyperextension cervical injuries with normal 
radiogra ae appearances (ab), April, 610 
TAYLOR, HE Y K.: An apparatus for automatic multiple ex- 
posures, dy 107 
TAYL od HOWARD P.: Clinical interpretation of x-ray pel- 
(ab), May, 76 
TAYLOR, LA RISTON S. See DAY, FRANK H. 
TEMPLETON, FREDERIC E.: Peptic ulcer: the importance of 
films in diagnosis, June, 777 
TEMPORAL BONE 
—elongated styloid process; further observations and a new 
syndrome (ab), Watt W. Eagle, April, 596 
tumors 
angiosarcoma of petrous portion; case (ab), Joseph M 
Kinkade, Feb., 204 
eosinophilic granuloma associated with diabetes insipidus; 
case (ab), J. Lewis Dill, May, 762 
pneumographic study of temporal horn, with special 
reference to tumors in temporal region (ab), Erick Lind- 
a April, 595 





TEND 
causation and treatment of painful stiff shoulder: subdeltoid 
bursitis periarthritis, tendinitis, and adhesive capsulitis 
(ab), Henry W. Meyerding and ‘John C. Ivins, May, 764 
supraspinatus 
—calcification: infiltration therapy with local anesthesia and 
multiple needling (ab), I. Norwich, Jan., 144 
pt 44 8 R. See NIC OLAS, F. G. 
ERATOMA. See Tu umors, teratoma 
TESSMER. CARL F. See TULLIS, JOHN L, 
TESTES 
tumors 
report of 250 cases (ab), Lloyd C. Lewis, March, 463 
roentgen therapy of malignant tumors (ab), Eugene T. 
Leddy, June, 902 
tumors of testicle (ab), Hans R. Sauer, et al., April, 617 
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STOSTERONE. See Androgens 
ETRAE THYLAMMONIUM CHLORIDE 


—effec ton Tne motility in man (ab), Donald C. Dodds, et al, 


TETRALOGY ‘OF FALLOT. See Heart, abnormalities 
THAYSSEN, VIGGO E.: Influence of castration by roentgen on 
carcinoma of the breast (ab), Feb., 3 
THOMAS, S. F., and GARLAND, L. ii: Roentgen cardiac 


kyt nography: electrocardiographic correlation (ab), Feb., 


om=See GARLAND, L. HENRY 


THOMPSON, FREDERICK R. “a CLEVELAND, MATHER 


THOMSON, J. J. See RAMSE H. S. 
THOMPSON, WILLIAM P., a GELLEN, eo Heart 
size in four by five inch films (ab), March, 448 
THORACOPLASTY. See Thorax 
THORAX 
See also Heart; Hemothorax; Lungs; Mediastinum; etc 


contralateral fracture of first and second ribs following 
thoracoplasty (ab Albert Guggenheim and Bernard 
N. E. Cohn, May, 765 
intrathoracic extension of hepatic tumors (ab), 
Adams, May, 760 
—pleural fat pads; a cause of thoracic shadows (ab), Leonard 
C. Evander, April, 600 
—post-thoracoplasty pulmonary hernia; 4 cases (ab), 
Pine and Philip Morgenstern, May, 750 
skeletal thoracic alterations in diagnosis of 
tumors (ab), Giovanni Gardella, Feb., 284 
roentgenography. See also Tuberculosis, Pulmonary, 
roentgenologic surveys 
lateral tomogram in normal subjects (ab), 
Maleki, Jan., 135 
significance of triangular hilar shadows in roentgenograms of 
infants and children (ab), Rolfe M. Harvey and Ralph 5. 
Bromer, May, 747 
tuberculosis 
of chest wall (ab), 
March, 446 
tumors 
roentgen studies (ab 
wounds and injuries 
important sequelae and complications of hemothorax result- 
ing from penetrating wounds of the pleural cavity (eb), 
Stuart P. Barden, March, 447 
shadows resembling a cavity in laminagrams, due to a 
shell fragment in the chest wall (ab), Roger Even and Guy 
Morin, June, 890 
ones pasane emphysema following chest trauma; 


Herbert D 


Irving 
pulmonary 
mass 


Chatton and 


Chia-Ssu Huang and Mei-Shin Stone, 


), Howard P. Doub, May, 745 


analysis 


cases (ab), William Sheinfeld, Jan., 135 
THROMBOPHLEBITIS 
roentgen irradiation, John S. Bouslog, Feb., 216 
THROMBOSIS 


thrombosis of inferior vena cava due to hypernephroma (ab), 
Martin M. Fisher and Norton D. Ritz, April, 616 
coronary 


hiatus hernia confused with thrombosis (ab), George C. Linn, 
Jan., 139 

mesenteric 

roentgenologic evidence of biliary regurgitation; roent 


genologic contributions to the diagnosis of hypoparathy- 
roidism; appendicitis; mesenteric thrombosis (ab), Harry 
M. Weber, April, 616 
THYROID 
See also Goiter, Exophthalmic 
thyrotoxicosis factitia (alimentary thyrotoxicosis) its 
differentiation from spontaneous thyrotoxicosis with aid 
of radioactive iodine (ab), Bengt N. Skanse and Douglas 
S. Riggs, June, 904 
cancer 
carcinoma, William E. Howes and Merrill N. Foote, April, 
41 
spontaneous and experimentally induced uptake of radio- 
active iodine in metastases from thyroid carcinoma; pre- 
liminary report (ab), S. M. Seidlin, et al, May, 773 
tumors 
functional activity of tumors, 
gauged by their collection of radioactive 
Rulon W. Rawson, et al, Jan., 153 
TIBIA 
congenital pseudarthrosis; follow-up study after massive 
bone-grafting (ab), Harold B. Boyd and Kermit W. Fox, 
March, 458 
lengths of femur and tibia; norms derived from orthoroent- 
genograms of children from five years of age until epi 
physial closure (ab), Margaret Anderson and William T 
Green, Feb., 293 
~opisthotonos fetalis in breech presentation; case with bi- 
lateral congenital posterior dislocation of tibiae (ab), 


benign and malignant, as 
iodine (ab), 


George F. Melody, April, 614 
fractures ; 
of condyles involving knee joints (ab), Edwin F. Cave, Feb., 
296 
tuberosity 


Osgood-Schiatter's disease (ab), E. S. R. Hughes, Feb., 206 
Osgood -Schlatter's disease (o>), Ve illiam W. Kridelbaugh and 
Alvin C. Wyman, ere,’ 
TICE, GALEN M., and W HITE, ‘CHARLES M.: 
larynx and hypopharynx (ab), Feb., 301 
TIMOTHY 
~bronchiectasis following aspiration of timothy grass; 8 cases 
(ab), Max G,. Carter and Kenneth J. Welch, May, 750 


Cancer of the 
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TIN OXIDE. 
TINEA. 


See Pneumoconivosis 
See Ringworm 
TOD, MARGARET C-.: 


antrum by radium (ab 


Treatment of cancer of the maxillary 
May, 771 

TOMOGRAPHY. See Body Section Roentgenography 
TONSILS 


- —, examination of lingual tonsil (ab), 


745 

TORGERSEN. JOHAN: Anomalies of the spine in anomalies of 
viscera and constitution. A radiological contribution to 
the physiology of development of man and to the under 
standing of the bearing of the anomalies of the spine on 
pathology (ab), April, 609 

TORRE, JOSE M., and VILLARREAL, RAMON: Radiological 
changes in the gastro-intestinal tract of a patient following 
rhe ” operation (ab), Feb., 287 

TORUL 


ron tm changes produced by diffuse torulosis in the new 


Sélve Welin 


—_ ab Edward B. D. Neuhauser and Arthur Tucker 
744 
TOUSSAINT. C.H.C. See PAGEL, WALTER 
TOWNSEND, H.L. See HAGAN, HART 
TRACEY, MARTIN L.: Habitual prepyloric spasm (ab), May 
TRACHEA 
compression of trachea by anomalous nnominate artery 


an operation for its relief (ab), Robert E. Gross and Ed 
ward B. D. Neuhauser, March, 449 
cancer 
carcinoma (ab 
diverticula 
multiple diverticula; case (ab 


Clarence W. Engler, May, 746 


Karen Nielsen, April, 600 


fistula. See Fistula 
foreign bodies. See Foreign Bodies 
TRAPEZIUM. See Wrist 


TRAPP, ETHLYN, and HARDIE, MARGARET: Radiation 
treatment of carcinoma of the corpus uteri (ab), Jan., 151 
TRAUMA. See i Thorax; ete 
TRICUSPID VALVE. 
atre - a of tricuspid valve with ae yO of great vessels 
Arthur Robinson and Jorge E. Howard, March, 449 
TRIMBLE, HAROLD G., EATON, }. LLOYD. GRENSHAW, 
GERALD L., and GOURLEY, INA: Pneumoperitoneum 
= Ly. treatment of pulmonary tuberculosis; 407 consecu 
cases (ab), April, 597 
TROUT, ¥. DALE, GRAVES, D. E., and SLAUSON, D. B.: 
gh Ne age radiography, Mi ay, 669 
TUBERCULO See Bones; Fallopian Tubes 
ty Pulmonary 
TUBERCULOSIS, PULMONARY 
Besnier-Boeck’s disease with transformation into miliary 
tubercuiosis (ab), Jenny Miller and Alberto Pedrazzini 
Jan., 136 
bloodless wide drainage of cavities and its therapeutic applica 
tion (ab), Gustav Maurer, April, 598 
—case (tuberculosis control in South 
Dormer, Jan., 136 
coexisting pulmonary coccidioidomycosis and tuberculosis 
(ab), Robert S. Study and Philip Morgenstern, May, 751 
complic ations of arrested tuberculosis (ab), Abel Froman 
May, 751 
compression of spinal cord due to extension from tuberculous 
pulmonary abscess (ab), John R. Norcross, April, 609 
diagnosis of tuberculosis in presence of silicosis (ab 1H 
ee, April, 597 
employment of persons with 
Marion W. Jocz, et al, May, 751 
eradicating tuberculosis in rural Minnesota (ab 
Jordan, Feb., 281 
histoplasmin and tuberculin sensitivity in relation to pul 
monary calcifications among University of Wisconsin 
students (ab), Helen A. Dickie and Elizabeth A. Clark 
May, 751 
incipiency and evolution of tuberculosis. I Initial mani 
festations of disease. II. Behavior of initial lesion and 
course of disease during observation period (ab), David 
Reisner, Feb., 281 
pathology of reinfection; some sources of diagnostic errors 
(ab), Walter Pagel and C. H. C. Toussaint, June, 891 
pneumoperitoneum in treatment; 407 consecutive cases 
(ab), Harold G. Trimble, et al, April, 597 
prognosis; ten-year follow-up study (ab), Charles R. Allison 
April, 597 


Spine Tu 


Africa ab BA 
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sarcoidosis ome primary tuberculosis; case (ab), Joseph 
S. Hiatt, , June, 892 
tuberce ment in the mentally ill and defective; preliminary 
report (ab), M. Pollak, et al, April, 598 
artificial pneumothorax in 
accidental extrapleural pneumothorax (ab), Olle Olsson, 


Jan., 137 
mass roentgenologic surveys 

case-finding in lowa; report ov state-wide clinics and mass 
x-ray surveys (ab), L. H. Flancher, March, 449 

experience in Zurich with canton-wide photoroeatgen study 
of over 65,000 cases investigated and diagnosed. A study 
in preventive medicine (ab), F. K. Fischer and H. R 
Schinz, Feb., 282 

on the scientific evaluation of diagnostic procedures, presi 
dential address, L. Henry Garland, March, 309 

role of the roentgenologist in a proposed plan for small film 
screening of the inhabitants of major cities, Theodore F 
Hilbish, Feb., 248 
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TUBERCULOSIS, PULMONARY, mass surveys—cont. 
—screen photography equipment for easier detail photography 
with routine roentgen diagnosis work (ab), Carl Wegelius 
and Kaj Noschis, Jan., 147 
—solution of technical problems connected with economical 
light-weight apparatus for miniature radiography (ab), 
Kaj W. Noschis, Feb., 300 
—y ay me re-examination of a factory group by mass radiography 
(ab), W. Pointon Dick, April, 598 
roentgenography. See also Tuberculosis, Pulmonary, mass 
roentgenologic surveys 
—expiration films (ab), D. I. Adler, Jan., 136 
—minimal tuberculosis Problems in roentgenologic inter- 
pretation, I. D. egy and Allan Hurst, April, 519 
—radiological approach (ab), K. Montgomery, Jan., 136 
ARTHUR. = NEUHAUSER, DWARD B. D. 
TULLIS, JOHN L., TESSMER, es ad CRONKITE, EU- 
GE E P., and CHAMBERS, F. W., yr: Lethal dose of 
total-body x-ray irradiation in swine, March, 396 
TUMORS 
See also Cancer; Sarcoma; and under names of organs 
—aberrant tissue developments in rats exposed to beta rays; 
late effects of P*? beta rays, P. S. Henshaw, R. S. Snider, 
and E. F. Riley, March, 401 
adenoma. See Bronchi; Lungs; Parathyroid 
angioendothelioma 
—angio-epithelioma (endothelioma) of the postnasal space 
ab), A. E. Cruthirds, Feb., 280 
—skeletal hemangio-endothelioma; case (ab), Emil D. W. 
Hauser and George A. Constant, April, 608 
angioma 
—cavernous angioma of stomach (ab), Rosario Impallomeni 
and Aldo Greco, June, 894 
—cavernous hemangioma of the kidney (ab), Alan J. Chenery 
and Alfred H. Benson, Jan., 146 
—disfiguring sequelae from radium therapy; results of treat- 
ment of a birthmark adjacent to the breast in a female in- 
fant (ab), G. B. Underwood and L. Edward Gaul, April, 
620 


—foolproof radium technic for Soeeiepeet of hemangiomas 
(ab), George C. Andrews, Feb., 

—some considerations regarding ath <= A of hemangiomas 
(ab), Richard H. Chamberlain and Eugene P. Pendergrass, 
April, 618 

cholesteatoma. See Tumors, epidermoid 

chondromyxoid fibroma 

—distinctive benign tumor likely to be mistaken especially for 
chondrosarcoma (ab), Henry L. Jaffe and Louis Lichten- 
stein, March, 454 

dermoid 

—dermoid cysts and teratomas of mediastinum with unusual 
features (ab), Herbert C. Maier, June, 893 

dysgerminoma. See Tumors, seminoma 

epidermoid 

—diploic epidermoid and extra-dural pneumatocele: cranial 
defects and deformity (ab), Joseph E. J. King, May, 744 

—intraventricular epidermoid: characteristic pneumoenceph- 
alographic findings, Harry Hauser and Charles W. El- 
kins, Jan., 

Ewing’ 

—of rib (ab), Edward M. Kent and F. S. Ashburn, May, 762 

experimental 

—radiosensitivity of tumors autogenous to homozygous hosts; 
further studies, Anna Goldfeder, Feb., 230 

fibroma. See also Tumors, chondromyxoid fibroma 

—juvenile nasopharyngeal angiofibroma (ab), Hayes Martin, 
etal, Feb., 305 

Krukenberg. See Ovary, tumors 

metastases. See Cancer; Ovary, tumors; Sarcoma 

myeloma 

ee, tumors (ab), George Lumb and T. M. Prossor, 

an., 

—solitary myeloma of mandible (ab), Richard Spitzer and L. 
Woodhouse Price, April, 612 

myoma 

ae myoma in stomach; case (ab), O. W. Husebye, May, 


5 

—leiomyoma of esophagus and cardia of stomach (ab), Roger 
A. Kenworthy and C. Stuart Welch, April, 604 

game of bronchus (ab), Alvin R. Kraus, et al, May, 
47 


—sublingual rhabdomyoma (ab), T. E. Beyer and J. R. Blair, 
April, 596 

osteoma 

—multiple osteoma of mastoid cavity (ab), William A. 
Marrocco, April, 596 

—osteoid osteoma (ab), Raphael R. Goldenberg, Feb., 294 

—osteoid osteoma (ab), J. E. Pritchard and J. W. McKay, 
_May, 762 


papilloma 
of gallbladder; case (ab), Gordon McHardy and Edwin Ed- 
wards, May, 761 
ee of bladder tumors (ab), Archie L. Dean, June, 
90: 


96 

plasma-cell. See Tumors, myeloma 

polypi 

-familial polyposis and carcinoma of the colon (ab), William 

L. Estes, Jr., May, 758 

seminoma 

—dysgerminoma; case with pulmonary metastases; results of 
treatment with irradiation and male sex hormone, P. E 
Russo and J. W. Kelso, March, 367 


teratoma 
—dermoid cysts and teratomas of mediastinum with unusual 
features (ab), Herbert C. Maier, June, 893 
Wilms’. See Kidneys, tumors 
TURESSON, DAG: Roentgen _ of fluid in the frontal 
and sphenoidal sinuses (ab), Feb., 280 
TWINS 
—myositis ossificans progressiva in hemozygotic twins (ab), 
Jacob H. Vastine, II, et al, Jan., 145 
ene calcification twins (ab), Gilbert Houston and 
Steiger, Mey 75 
TWOMBLY, GRAY H., — CHAMBERLIN, J. ALLEN: 
Intravaginal aaieien therapy in cancer of the cervix 
uteri, Jan., 14 
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UEHLINGER, E. See SCHINZ, H. R. 
ULCERS 

peptic. See Peptic Ulcer 

radiation. See Radiations, injurious effects 


fractures 
—anterior dislocation of elbow — fracture of olecranon (ab), 
Lawrence H. Strug, May, 
ULTRAVIOLET RAYS. See °, Athan 
UNDERWOOD, G. B., and GAUL, L. EDWARD: Disfiguring 
sequelae from radium therapy. Results of treatment of a 
yey adjacent to the breast in a female infant (ab), 


UNDULAN? F FEVER 
—pulmonary brucellosis (ab), William A. Harvey, April, 
599 
—entiatogis appearance of osteo-articular lesions of Malta fever 
(ab), P. Bétouliéres and A. Maleki, Jan., 142 
UNRRA 
—some radiologic experiences with UNRRA in China, F. A. 
Ford, Feb., 252 
URETERS 
—roentgenologic changes in urinary bladder and distal portion 
of ureters in spermatocystitis (ab), Gunnar Edsman, May, 
769 
—role of the sphincters in the pelvis of the ureter (ab), Cecil 
A. Woodside, May, 768 
abnormalities 
congenital megaloureter and hydroureter; pathogenesis and 
classification (ab), G. E. Irvin and John E. Kraus, May, 
768 
—diagnosis and management of ectopia (ab), Thomas D. 
Moore, June, 900 
—recognition and surgical correction of retrocaval ureter; 
case (ab), C. D. Creevy, June, 901 
—retrocaval ureter; case (ab), P. P. B. McElhinney and John 
W. Dorsey, Feb., 299 
dilatation 
—typical roentgen picture of very large ureteroceles (ab), Ulf 
Rudhe, May, 768 
obstruction 
—iliac lymphadenopathy as cause of obstruction (ab), Victor 
F *. ees and Morris Schnittman, Feb., 299 
URETH 
—role a external urethral sphincter in the normal bladder and 
cord bladder (ab), John L. Emmett, et al, Feb., 299 
cancer 
—radium therapy in carcinoma of female seat, Robert E. 
Fricke and James T. McMillan, April, ‘ 
roentgenography 
—roentgen aspect of prostatic cancer by urethrocystography 
(ab), Nils P. G. Edling, May, 769 : 
—urethrography: diagnostic aid in diseases of lower urinary 
tract (ab), William E. Goodyear, et al, May, 769 
URINARY TRAC 
See also Kidneys; Pyelography; Ureters; Urethra 
—influences of posture on urinary tract in pregnancy (ab), 
John Parks and Michael A. Puzak, March, 459 
tumors 
—roentgen diagnosis (ab), Paul C. Swenson and Francis F. 
Hart, June, 899 
URINE 
effect of radiation therapy on the urinary excretion of niacin 
and riboflavin in patients with — diseases: rela- 
tionship to radiation sickness, J. L. Jarvis and David 
Cayer, April, 574 
-experimental pyelorenal reflux (secretory pressure of urine in 
oa (ab), Giacinto Piccolo and Giuseppe Longo, April, 


URIST, “MARSHALL R.: Fracture-dislocation of the hip joint: 
nature of the traumatic lesion, treatment, late complica- 
tions, and end results (ab), June, 897 
Fractures of the acetabulum: the nature of the traumatic 
lesions, treatment, and two-year end-results (ab), May, 
) 


0c 
UROGRAPHY. See Sypteeaty 
seated! > S.: A case of congenital choledochus cyst (ab), March, 


UTERUS. 
—cancer of corpus uteri following radiation therapy for benign 
uterine lesions (ab), Frank R. Smith and Lemuel Bowden, 
May, 774 
radiologic study of uterine evacuation (ab), Jean Dalsace 
(ab), April, 613 
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UTERUS—cont. 


cancer 
—cancer of corpus following radiation therapy for benign 


uterine lesions (ab), Frank R. Smith and Lemuel Bowden, 
May, é 774 

—carcinoma and pregnancy (ab), I. M. Stutzer, Jan., 151 

—carcinoma of cervical stump, William E. Costolow, Jan., 41 

—cervical cancer: intravaginal roentgen eee. Gray H. 
Twombly and J. Allen Chamberlin, Jan., 

—cervical cancer; new apparatus for radium esha (ab), 
E. P. Grenier, Jan., 151 

—cervical carcinoma; analysis of technical factors and results 
of treatment. Description of improved radium applicator 
(ab), G. E. Richards, Jan., 

—cervical carcinoma os procidentia uteri (ab), 
Dorothy L. Ashton, Jan., 150 

—cervical carcinoma; end- results in treatment (ab), H. Kohler 
and F. Haenisch, Jan., 150 

—cervical carcinoma in urban population (ab), A. W. Diddle 
and T. R. Bennett, March, 4 

—cervical carcinoma; indiv ‘dualizing the tumor dose by means 
of a simple caliper, Joseph B. Jarvis, June, 866 

—cervical carcinoma; late recurrences following radiatior 
therapy (ab), Harold Speert, March, 463 

—cervical carcinoma; late results of radium therapy (ab), 
Harry H. Bowing and Robert E. Fricke, June, 902 

—cervical carcinoma; lesions of urinary tract following radio- 
therapy (ab), T. J. D. Lane, May, 

—cervical carcinoma: place of deep external x-ray irradiation 
in treatment by long element needles, George W. Water- 
man and William A. Reid, Jan., 

—cervical carcinoma: probable trends in irradiation treatment 
with the improved expanding type of radium applicator, 
Edwin C. Ernst, Jan., 4 

—cervical carcinoma; rectal hemorrhage following irradiation 
(ab), James R. Johnston and Harold W. Jacox, April, 619 

—cervical carcinoma; results and causes of —s of radiation 
therapy (ab), Henry S. Kaplan, et al, Feb., 

—cervical carcinoma; role of transv: ‘aginal roenégen therapy in 
treatment (ab), J. A. del Regato, March, 462 

—cervical carcinoma treated by combined radiation and sur- 
gery (ab), J. Reed Babcock, Feb., 303 

—cervical carcinoma; treatment with ‘radium and 800 kilovolt 
x-ray (ab), Herbert E. Schmitz, Jan., 

—dosage measurements for various mon ee of intrauterine 
radium applications in cancer of endometrium (ab), James 
F. Nolan and William Natoli, May, 7 

—immediate and late results of intracavitary radium therapy 
for = ene lesions of the cervix, Harry H. Bowing, 
Jan., 

~<a injuries of the intestines (in patients with cancer of 
uterus) (ab), Charles W. Hock, et al, April, 619 

—radiation treatment of carcinoma of corpus (ab), Ethylin 
Trapp and Margaret Hardie, Jan., 151 

—review of ten years experience with transvaginal roentgen 
therapy, Ralph M. Caulk, Jan., 26 

—treatment of carcinoma of fundus (ab), 
and Howard B. Hunt, Jan., 151 

—use of multiple sources of radium within the uterus in treat- 
ment of endometrial cancer (ab), A. N. Arneson, et al, 


Leon S. McGoogan 


Jan., 150 

cervix. See Uterus, cancer 

prolapse 

—carcinoma of cervix complicating procidentia uteri (ab), 
Dorothy L. Ashton, Jan., 150 

roentgenography. See Fallopian Tubes 


tumors 


—sarcoma; 18 cases (ab), Thomas Perry, Jr., May, 773 
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VACCINIA 


effect of roentgen therapy on experimental ocular vaccinia in 
non-immune and in partially immune rabbits (ab), George 
T. Harrell, et al, Feb., 307 
VAGOTOMY. See Nerves, vagus 
VALLEBONA, ALESSANDRO: Axial stratigraphy (ab), March, 


461 
VAN ALLEN, WILLARD W.: Characteristics of commercial 
x-ray intensifyin z screens and films (ab), May, 771 
——see GOULD, DAVID M. 
——See MOR RGAN, RUSSELL H. 
van WIJK, E.: Rheumatic pneumonia (ab), March, 446 
VARICOSE VEINS 
—phlebography in the localization of incompetent communi- 
— veins in patients with varicose veins (ab), Theodore 
Meee aod Jerome Ettinger, Ma 771 
VARNEY JAMES H. See FRICKE , ROB TE 
VASTINE, ACOB H., Il, VASTINE, MARY FRANCES, and 
ARA GO, (OL: <a ossificans progressiva in 
mozygotic twins (ab), Jan., 145 
VASTINE, MARY FRANCES. See 'VASTINE, JACOB H., u 
VAUGHAN, LUTHER M. See DES ARDINS, ARTHUR U. 
VAUGHR, AREELL M., LEES, WILLIAM M., and HENRY, 


W.: Mesenteric cysts: review of the literature 
and report of a calcified cyst of the mesentery (ab), 


Jan., 
141 
VEINS 
See also Extremities, blood supply; Varicose Veins 
—phlebolith of anterior facial vein; case (ab), James L. Mc- 
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